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Les reticences vis-a-vis des vaccins ont toujours existe. Mais 
aujourd’hui, c’est dans notre pays, le pays de Louis Pasteur, que 
les doutes vis-a-vis de la securite des vaccins sont les plus impor- 
tants. Plus de 40 % des personnes interrogees en France pensent 
que les vaccins ne sont pas sur, 17 % ne sont pas certains de leur 
efficacite et 12 % jugent que la vaccination des enfants n’est pas 
importante [1], Ces resultats issus d’une etude conduite aupres 
de 67 pays dans le monde montrent que les frangais sont, de 
loin, les plus nombreux a douter des vaccins (« seulement » 
17 % des personnes interrogees en Europe et 13 % dans le 
monde). 

Les raisons en sont multiples, souvent complexes mais ce 
n’est pas le sujet ici. Alors que faire ? Comment regagner la 
confiance des frangais vis-a-vis des vaccins ? Vastes questions 
auxquelles le Comite d’orientation de la concertation citoyenne 
sur la vaccination, sous la houlette du Pr Alain Fischer, immuno- 
logiste de renom, et de Madame Claude Rambaud, co-presidente 
du Collectif interassociatif sur la sante (CISS) ont tente de 
repondre a la demande de la ministre de la Sante. 

Ce comite d’orientation, compose d’un panel de personna- 
lites d’horizons divers (philosophe, anthropologue, medecins 
specialistes de medecine generate, de pediatrie, d’infectiologie, 
de specialiste du droit. . .) ont auditionne plus de 40 representants 
des associations de patients, des professionnels de sante, des 
industriels, et des experts de la vaccination. Its se sont appuyes 
sur les conclusions de 2 jurys (un jury citoyen et un jury de 


professionnels de sante). Bref, une conference citoyenne dont 
les recommandations ne devraient pas etre discutees meme si 
les propositions, courageuses et somme toute un peu inatten- 
dues, peuvent paraitre difficiles a mettre en place et requierent 
F implication de tous les acteurs. 

Alors que ces recommandations ont ete presentees le 
30 novembre, en F absence, doit on le souligner, de la 
ministre commanditaire du rapport et du Directeur general 
de la sante, voila que chacun donne son avis : pour ou 
contre 1’ elargissement de 1’ obligation, pour ou contre la clause 
d’ exemption, pour ou contre 1’ elargissement des vaccinateurs, 
pour ou contre l’obligation de l’utilisation du calendrier vaccinal 
electronique ? 

Bien sur il serait preferable de pouvoir convaincre nos conci- 
toyens de l'interet des vaccins plutot que les soumettre a une 
obligation de vaccination. Mais dans l’etat actuel, est ce realiste ? 
Notons que dans d’autres domaines de la sante, l’obligation a 
porte ses fruits : port de la ceinture de securite, limitation de 
vitesses, interdiction de fumer dans les lieux publics. . . Alors 
ne peut-on pas tenter Fexperience et faire confiance a ceux 
qui ont propose ces recommandations ? C’est la proposition 
que soutiennent la tres grande majorite des societes de sante 
qui se sont exprimees sur le sujet par la voix d’un commu- 
nique de presse et d’une lettre ouverte aux membres de la 
Commission des affaires sociales de l’Assemblee Nationale 
ci-dessous. 


* Auteur correspondant. 

Adresse e-mail : odile.launay@aphp.fr (O. Launay). 
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Lettre ouverte aux membres de la Commis- 
sion des affaires sociales de I'Assemblee 
nationale de la Republique francaise 
a propos des conclusions du Comite 
d'organisation de la concertation citoyenne 
sur la vaccination 

Le 21 decembre 2016 

Mesdames, Messieurs les Deputes, 

Nous representons 27 societes de sages- 
femmes, puericultrices et medecins . 

Nous attirons votre attention sur les enjeux 
actuels de la politique vaccinale francaise gra- 
vement mise en danger dans notre pays. E I le 
concerne toute la population, depuis le nouveau- 
ne (800 000 naissances annuelles) jusqu'aux plus 
ages. 

Nous avons tous une responsabilite face a 
cette situation et nous ne pouvons pas rester 
les bras croises. Votre role dans la definition et 
I'application de la politique vaccinale estessentiel. 
Si nous ne changeons pas notre politique vacci- 
nale, nous serons bientot le pays d'Europe le plus 
mal vaccine. 

La vaccination represente I'un des plus grands 
succes de I'histoire de la medecine. Extrapolee 
a la population frangaise, une etude mesurant 
I'impact de la vaccination au cours du XX e siecle 
publiee recemment, permet d'evaluer a 36 000 le 
nombre de morts evites chaque annee en France 
par la vaccination, auxquels il faut ajouter les 
maladies etsequelles 2]. 

Malgre ces donnees indiscutables sur 
I'efficacite de la vaccination, la France est le 
pays ou la proportion de la population exprimant 
des doutes quant a la securite des vaccins est 
de tres loin la plus elevee (41 % des frangais ont 
des doutes, versus 17 % en Europe et 13 % dans 
le monde) [1]. Par ailleurs, les resultats d'une 
etude menee par I'OMS montrent que c'est en 
France que les messages negatifs vis-a-vis de 
la vaccination sont les plus nombreux 3]. Cette 
mefiance de la population frangaise vis a vis de 
la vaccination s'accompagne d'une couverture 
vaccinale insuffisante voire en baisse pour cer- 
tains vaccins pourtant essentiels (meningocoque, 
rougeole, grippe, HPV). 

A la demande de madame la ministre de 
la Sante, une concertation citoyenne 

coordonnee par le Professeur Alain Fischer 2 3 4 , 


1 Cf. Communique de presse mise a jour en fichier joint. 

2 Medecin, professeur d'immunologie pediatrique et chercheur, Alain Fischer 
est titulaire de la chaire Medecine experimentale au College de France depuis 


immunologiste frangais de renommee internatio- 
nale, et Madame Claude Rambaud , represen- 
tante des usagers de la sante a travaille pendant 
plusieurs mois. Le 30 novembre dernier, son 
Comite d'orientation a presente ses recomman- 
dations qui vont dans le sens d'une politique 
vaccinale ambitieuse et affirmee . Elies proposent 
I'elargissement des obligations vaccinales de la 
petite enfance qui devrait permettre d'abord 
d'ameliorer la couverture vaccinale vis-a-vis des 
vaccins pour lesquels il n'existe aujourd'hui par 
d'obligation mais de « simples recommanda- 
tions » pour permettre, dans un deuxieme temps, 
de supprimer le regime d'obligation vaccinale. 
Cette proposition s'accompagne de la gratuite des 
vaccins. 

Dans I'attente de la reponse de madame la 
ministre de la Sante, les societes signataires 
du communique de presse 1 , et celles qui nous 
rejoignent tous les jours, se mobilisent pour 
dire qu'il est urgent d'appliquer ces recom- 
mendations. LAcademie de pharmacie, des 
syndicats medicaux, mais aussi des associations 
de patients soutiennent egalement ces proposi- 
tions. LAcademie de medecine dans la seance de 
27 octobre 2015 avait fait des recommandations 
allant dans le meme sens. 

Mesdames et messieurs les deputes, nous 
comptons sur vous et votre sens de I'interet 
des frangais pour appuyer la mise en place 
rapide de ces mesures indispensables. Nous 
sommes a votre disposition pour en parler devant 
la Commission des affaires sociales ou de la 
maniere qui vous paraTtra la plus appropriee. 
Des vies, des maladies, des epidemies sont 
en jeu. 

Nous vous prions de croire a I'assurance de 
notre tres respectueuse consideration. 

Pour les societes : 

Odile Launay, Robert Cohen, 
Frangois Vie le Sage 


2014. Il est aussi membre titulaire de l’Academie des sciences depuis 2002 et 

de medecine depuis 2011 

3 Co-presidente du Collectif interassociatif sur la sante (CISS), regroupant 
42 associations d’ usagers de la sante, de consommateurs, de personnes agees, 
et de personnes en situation de handicap. Elle est vice-presidente du LIEN , 
association de lutte, d’ information et d’ etudes sur les infections nosocomiales 
et la iatrogenie. Elle represente les usagers de la sante aupres de la Haute Autorite 
de sante (HAS) et du ministere des Affaires sociales et de la Sante. 

4 http : // concertation- vaccination .fr/. 
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30 Societes signataires au 20 fevrier 2017 

• AFPA, Association frangaise de pediatrie ambu- 
latoire (www.afpa.org) 

Frangois Vie le Sage : f.vielesage@fvls.fr 

• AFPSSU, Association frangaise de promotion 
de la sante dans I'environnement scolaire et uni- 
versitaire (www.afpssu.com) 

Claude Bravard : presidente@afpssu.com 

• ANPDE, Association nationale des puericul- 
trices(teurs) diplome(e)s et des etudiants 
(www.anpde.asso.fr) 

Sebastien Colson : colson.sebastien@gmail. 
com 

• ASCOMED, Association des medecins 
conseillers techniques de I'education nationale 

(www.ascomed.fr) 

Jaya Benoit : presidence.ascomed@gmail.fr 

• ASI Academie des sciences infirmieres 

FIUE Gilberte : gilberte.hue@croix-rouge.fr ; 
(http://www.academie-sciences-infirmieres.fr) 

• CNGOF, College national des gynecologues et 
obstetriciens (www.cngof.fr) 

Israel Nisand, Bernard Fledon : bernard. 
hedon@gmail.com 

• CNPP, Conseil national professionnel de pedia- 
trie 

Francis Rubel : rubel.pediatre@wanadoo.fr 

• CNSF, College national des sages-femmes de 
France (http://cnsf.asso.fr) 

Nicolas Dutriaux : nico.dutriaux@wanadoo.fr 

• College d'hematologie 

Norbert Ifrah : olfrah@chu-angers.fr 

• FNCGM, Federation nationale des colleges de 
gynecologie medicale (www.fncgm.com) 

Pia de Reilhac : dereilhac@orange.fr 

• GPG, Groupe de pediatrie generale 
(http://gpg.sfpediatrie.com/) 

Pierre Foucaud : pfoucaud@ch-versailles.fr 

• GPIP, Groupe de pathologie infectieuse pedia- 
trique (http://gpip.sfpediatrie.com/) 

Robert Cohen : robert.cohen@wanadoo.fr 

• PDM, Pediatres du monde (www.pediatres-du- 
monde.org) 

Catherine Salinier : cathsalinier@wanadoo.fr 

• SF2H Societe frangaise d'hygiene hospitaliere 

Pierre Parneix : pierre. parneix@chu- 

bordeaux.fr 

• SFCCF, Societe frangaise de carcinologie cervico 
faciale 


Beatrix Barry : beatrix.barry@ aphp.fr 

• SFCPCV, Societe frangaise de colposcopie 
et pathologie cervico-vaginale (www.societe- 

colposcopie.com) 

Jean-Luc Mergui : jlmergui@wanadoo.fr 

• SFG, Societe frangaise de gynecologie 
(www.sf-gynecologie.fr) 

Joelle Belaisch-Allart : j.belaischallart@gmail. 
com 

• SFGG, Societe frangaise de geriatrie et geronto- 
logie 

Gaetan Gavazzi : GGavazzi@chu-grenoble.fr; 
www.sfgg.fr 

• SFH, Societe frangaise d'hematologie 
(http://sfh.hematologie.net/) 

Gerard Socie : gerard.socie@aphp.fr 

• SFI, Societe frangaise d'immunologie 
(www.sfi-immunologie.fr) 

Flans Yssel : hans.yssel@inserm.fr 

• SFMG : Societe frangaise de medecine generale 

Philippe Szidon : p.szidon@sfmg.org ; 
www.sfmg.org ; http://omg.sfmg.org 

• SFN, Societe frangaise de neonatologie 

Pascal Bolot : pascal.bolot@ch-stdenis.fr, Elie 
Saliba : elie.saliba@univ-tours.fr 

• SFP, Societe frangaise de pediatrie 
(www.sfpediatrie.com) 

Brigitte Chabrol : bchabrol@ap-hm.fr 

• SFSA Societe frangaise pour la sante de 
I'adolescent 

Paul Jacquin : jacquin.paul@wanadoo.fr, 
Sebastien Rouget : sebastien.rouget@chsf.fr 

• SMV, Societe de medecine des voyages 
(www.medecine-voyages.fr) 

Christophe Flommel : Christophe. 

Flommel@chru-strasbourg.fr 

• SNFCP, Societe nationale frangaise de colo- 
proctologie (www.snfcp.org) 

Frangois Pigot : proctobagatelle@mspb.com 

• SNFMI, Societe nationale frangaise de mede- 
cine interne 

Philippe MORLAT : Secretariat. SNFMI@chu- 
rouen.fr 

• SNMPMI, Syndicat national des mede- 
cins de protection maternelle et infantile 

(www.snmpmi.org) 

Pierre Suesser : contact@snmpmi.org 

• SNPF, Syndicat national des pediatres frangais 

(www.snpf.fr) 

Brigitte Virey : bvirey@wanadoo.fr 
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• SPILF, Societe de pathologie infectieuse de 
langue frangaise (www.infectiologie.com) 

Odile Launay : odile.launay@cch.aphp.fr 

Autres societies ayant pris position pour 
les recommandations de la concertation 
citoyenne : 

• Academie nationale de pharmacie : conseil du 
16 decembre 2016 

• CSMF : Confederation des syndicats medicaux 
frangais (APM 19/12/2016) AVNIR : Associations 
VacciNation Immunodeprimes Realite 

Autre societe ayant pris position apres 
les recommandations de la concertation 
citoyenne : 

• Syndicat MG France : http://www.mgfrance. 
org/index.php/presse/communiques/1475- 
politique-de-vaccination-mg-france-reclame- 
plus-de-clarte 


Contacts 

Agence Passerelles 

Anne Laure Guillaume/Isabelle Latour-Gervais - +33 5 56 
20 66 77 - afpa@passerelles.com 

SPILF, Societe de pathologie infectieuse de langue frangaise 
Dr Odile Launay - odile.launay@cch.aphp.fr 
GPIP, Groupe de pathologie infectieuse pediatrique 
Dr Robert Cohen - robert.cohen@wanadoo.fr 
AFPA, Association frangaise de pediatrie ambulatoire 
Dr Frangois Vie le Sage - f.vielesage@fvls.fr 
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Editorial 

Vaccine: Time to tell the truth! 

Vaccination : il est temps de dire toute la verite 


A significant proportion of American measles and pertussis 
patients in the post-elimination era were intentionally unvac- 
cinated [1]. Parents claim non-medical exemptions to school 
immunization requirements such as religious and spiritual 
beliefs, or personal belief exemptions for moral or philosoph- 
ical reasons. Among the numerous other factors influencing 
vaccine compliance, benefits of the vaccine and confidence in 
prelicensure studies on safety and efficacy are also critical. 
Indeed, while vaccines have provided evident benefits, the pri- 
mary effectiveness of new vaccine programs depends on public 
acceptance of vaccination [2], The vaccine history has been 
creating social issues since the 18th century with variolation 
detractors [3]. More recently, the hepatitis B immunization pro- 
grams of 1995 [4,5] and the 2009 influenza A (H1N 1 ) pandemic 
contributed to increasing the negative attitudes towards vacci- 
nation around the world [6]. The excessive media coverage of 
vaccines’ alleged side effects probably overshadows the risk of 
vaccine preventable infectious diseases. The concept of “vac- 
cine hesitancy’’ is thus a growing focus of concern given its 
great potential for harm [7], 

Our day-to-day medical practice also leads us to be con- 
fronted with vaccinated adult patients who are disappointed to be 
suffering from preventable infectious diseases - for instance and 
most frequently influenza (but also measles and pertussis). Con- 
sequently, many patients are convinced that physicians and the 
media are lying or, at least, do not tell the whole truth. What do 
people hear daily? Vaccine is effective in preventing infection. 
Medical terms such as “preventing” or “effective” do not merely 
describe a reduction of the risk, but rather suggest complete 
protection, complete effectiveness, and even eradication. 

Quite obviously, we mass-produce opponents every day 
because we do not tell the “whole” truth or we lie by omission. It 
has also been shown that the Internet contributes to this “mass- 
production” [8]. Truth-telling is central to the communication 
between patients and physicians; it is related to the doctrines of 
informed consent and it is also culture-specific [9], According to 
Ekman [10], lying is the act of one person intending to mislead 
another one, deliberately, without prior notification of this pur- 
pose, and without having been asked by the target. Obviously, 

http://dx.doi.org/10. 101 6/j.medmal.2016.1 1.003 
0399-077X/© 2016 Elsevier Masson SAS. All rights reserved. 


physicians lie to influence their patients to accept vaccination. 
They are fairly convinced to do what is best for their patients. 
Telling them that “vaccines work” is not false information, but 
it is all the same a lie by omission as it overestimates the power 
of vaccines. Opponents not only question the safety and neces- 
sity of recommended vaccines but also their effectiveness. If 
we do not accurately inform our patients about the real effec- 
tiveness of vaccines, precisely telling them that the influenza 
vaccine reduces the risk of contracting the infection by 50% but 
not 100%, that the hepatitis B vaccine reduces the risk by 90% 
at best but not 100%, we do not tell the truth. In oncology, atti- 
tudes and practices of truth-telling to cancer patients have shifted 
substantially in the past few years [11], Truth not only has an 
ethical rationale, but might also have effectiveness justification 
due to the long-term confidence in vaccine products offered to 
the population. 

Nowadays, in our industrialized countries, physicians are 
seen as being equal partners with their patients, who have a 
right to access information and to make their own choices [11], 
Understanding the dynamic provisional nature of truth and the 
relational nature of autonomy is complex and requires further 
investigations in the psychological area of vaccines. Future 
research could address many aspects of truth-telling practices 
with compliance to vaccination as endpoint. Telling the whole 
truth about vaccine effectiveness would also probably be a means 
to reduce vaccine hesitancy in the mid- or long-term. 

Authorship 

We are the exclusive contributors to the conception of the 
work with final approval of the version published. We agree 
to be accountable for all aspects of the work in ensuring that 
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General review 

Update on infections with human herpesviruses 6A, 6B, and 7 
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Abstract 

Human herpesviruses 6A, 6B, and 7 (HHV-6A, HHV-6B, HHV-7) are genetically related to cytomegalovirus. They belong to the Roseolovirus 
genus and to the Betaherpesvirinae subfamily. They infect T cells, monocytes-macrophages, epithelial cells, and central nervous system cells. 
These viruses are ubiquitous and are responsible for lifelong chronic infections, most often asymptomatic, in the vast majority of the general adult 
population. HHV-6B is responsible for exanthema subitum, which is a benign disease of infants. HHV-6A and HHV-6B also cause opportunistic 
infections in immunocompromised patients: encephalitis, hepatitis, bone marrow suppression, colitis, and pneumonitis. Their etiological role in 
chronic diseases such as multiple sclerosis, cardiomyopathy, and thyroiditis is still controversial. The pathogenicity of HHV-7 is less clear and 
seems to be much more restricted. Chromosomal integration of HHV-6A and HHV-6B is transmissible from parents to offspring and observed in 
about 1% of the general population. This integration raises the question of potential associated diseases and can be a confounding factor for the 
diagnosis of active infections by both viruses. The diagnosis of HHV-6A, HHV-6B, and HHV-7 infections is rather based on gene amplification 
(PCR), which allows for the detection and quantification of the viral genome, than on serology, which is mainly indicated in case of primary 
infection. Ganciclovir, foscarnet, and cidofovir inhibit the replication of HHV-6A, HHV-6B, and HHV-7. Severe infections may thus be treated but 
these therapeutic indications are still poorly defined. 

©2016 Elsevier Masson SAS. All rights reserved. 


Keywords: HHV-7; Exanthema subitum; Opportunistic infections; Chromosomal integration; HHV-6 

Resume 

Les herpesvirus humains 6A, 6B et 7 (HHV-6A, HHV-6B, HHV-7) sont genetiquement proches du cytomegalovirus. Ils appartiennent au genre des 
Roseolovirus et a la sous-famille des Betaherpesvirinae. Ils infectent les lymphocytes T, mais aussi les monocytes/macrophages, certaines cellules 
epitheliales et les cellules du systeme nerveux central. Ces virus sont ubiquistes et provoquent une infection chronique a vie, le plus souvent 
asymptomatique, chez la quasi-totalite de la population generale adulte. Le HHV-6B est responsable de Texantheme subit, maladie benigne 
du tres jeune enfant. Les HHV-6A et HHV-6B sont responsables d’ infections opportunistes chez les patients immunodeprimes : encephalites, 
hepatites, insuffisances medullaires, colites et pneumopathies. Leur role etiologique dans des maladies chroniques comme sclerose en plaques, 
myocardiopathies ou thyroidites est encore controverse. La pathogenicite du HHV-7 est rnoins bien connue et parait beaucoup plus restreinte. 
L'integration chromosomique des HHV-6A et HHV-6B est transmissible de fagon hereditaire et concerne environ 1 % de la population generale. 
Elle pose la question des eventuelles maladies associees et peut etre un facteur de confusion pour le diagnostic des infections actives par ces deux 
virus. Le diagnostic des infections a HHV-6A, HHV-6B et HHV-7 se fonde plus sur la PCR, qui permet la detection et la quantification du genome 
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viral, que sur la serologie, indiquee essentiellement en cas de primo-infection. Le ganciclovir, le foscarnet et le cidofovir inhibent la replication de 
ces virus, ce qui permet le traitement des infections graves. Les indications ne sont cependant pas encore bien codifiees. 

© 2016 Elsevier Masson SAS. Tous droits reserves. 
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1. Introduction 

Human herpesvirus 6A (HHV-6A) was isolated by accident 
in 1986 from T cell blood cultures performed to look for new 
retroviruses [1], Human herpesvirus 6B (HHV-6B) was iden- 
tified in 1988 under similar circumstances [2,3], It is however 
just recently, in 2014, that converging results of phenotypic and 
genetic studies led to the classification of HHV-6A and HHV- 
6B as two distinct species among viruses defined as HHV-6 [4], 
HHV-7 is genetically related to HHV-6 and was identified in 
1990 [5], These three viruses are very common in the general 
population worldwide. Just like other human herpesviruses, they 
persist indefinitely in the infected organ and may lead to reactiva- 
tions, which are usually asymptomatic or associated with more 
or less severe clinical syndromes. The variety of clinical presen- 
tations, the high prevalence of the infection, and its chronicity 
make it difficult to precisely determine the pathogenic role of 
the three viruses. This issue is associated with at least one major 
medical challenge: diagnosing and treating severe presentations 
of active HHV-6A and HHV-6B infections, which correspond 
to primary infections or reactivations and are susceptible to 
antiviral drugs that proved effective against cytomegalovirus 
(CMV) - a virus genetically related to HHV-6A, HHV-6B, and 
HHV-7 [6], 


2. Characteristics of the viruses 

HHV-6 A, HHV-6B, and HHV-7 have an envelope of 
160 to 200 nanometers of diameter, and their genome is a 
double- stranded linear DNA. The genomes of the viruses are 
respectively 159, 165, and 145 kilo base pair long [7]. These 
genomes are quite homologous and present with a similar orga- 
nization despite their different size; all three viruses belong to 
the Roseolovirus genus. They harbor similar repeated sequences 
at each of their extremities, with patterns similar to those of 
telomeric repeated sequences of human chromosomes. The three 
viruses are also genetically homologous to CMV as all four of 
them belong to the Betaherpesvirinae subfamily. Viral particles 
(also known as virions) consist, from the outside to the inside, 
of the envelope carrying viral glycoproteins, the tegument, and 
the nucleocapsid containing the genomic DNA. The lipid nature 
of the envelop confers poor resistance to chemical or physical 
inactivating agents. HHV-6 species can be distinguished from 
one another thanks to their different characteristics in terms of 
culture, genome sequence, and antigenicity [4], These differ- 
ences are lacking among HHV-7 strains, even though genetic 
variations have been observed [8], 


HHV-6A and HHV-6B infect many cells in vivo: T cells, 
especially CD4 + T cells, but also CD8 + T cells, monocytes- 
macrophages, hematopoietic cells of the bone marrow, epithelial 
cells of the kidney and salivary glands, endothelial cells, 
microglial cells, oligodendrocytes, and astrocytes. The CD46 
molecule is a cellular receptor for HHV-6A, while the CD 134 
molecule is a cellular receptor for HHV-6B 1 9, 10]. HHV-7 has a 
selective tropism for CD4 + T cells, and CD4 is a receptor for that 
virus. However, in vivo, HHV-7 is observed in the skin, salivary 
glands, and many other organs [11], 

Isolation and repeated cultures of both HHV-6 species are 
performed at the laboratory with peripheral blood mononuclear 
cells of healthy donors, while adaptation to lymphocytic, glial, 
oligodendrocytic, and megakaryocytic cell lines or to human 
embryonic fibroblasts is not a common characteristic of all iso- 
lates [12,13]. Isolating HHV-7 is best performed in purified 
blood CD4 + T cell cultures. HHV-7 culture is, however, difficult 
as it does not usually trigger any cy topathic effect and adaptation 
to lymphocytic cell lines varies. The viral stocks obtained always 
have a low infectious titer. There is currently no known natural 
animal model of productive infection with these viruses, even 
though transgenic mice expressing human CD46 have experi- 
mentally been infected with HHV-6 A via intracerebral injections 
[14]. 

3. Pathophysiology of the infection 

Following penetration of the virus into the target cells, the 
genomic DNA migrates to the cell nucleus where key steps of 
viral replication take place. Viral genes go through three stages 
to be transcribed and expressed: immediate early genes, early 
genes, and late genes. The nucleocapsid is ultimately formed 
and binds to the proteins of the tegument in the nucleus cell 
before acquiring the envelope in cytoplasmic vacuoles derived 
from the Golgi apparatus. These vacuoles then release virions 
into the cellular membrane by exocytosis [12], This replication 
cycle corresponds to the lytic (or productive) cycle that leads to 
the death of host cells and to virus production that will dissem- 
inate through the organism at the time of primary infection or 
during reactivations. Following primary infection, both species 
of HHV-6 and HHV-7 latently persist in various sites and cells of 
the organism, especially in monocytes-macrophages [ 15], Vari- 
ous hypotheses have been put forward to explain these latency 
mechanisms; all of these mechanisms might be present among 
the various cell types: presence of the sole viral genome in its 
episomal form with a potentially limited expression of some 
genes, replication cycle blocked at the intermediate stage or 
replication cycle completed but controlled and compatible with 
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the prolonged survival of the host cell. From this latent state, 
a productive cycle may be reactivated and may lead to a new 
production of infectious viruses in the blood and in other body 
compartments such as saliva. However, the selective expression 
of some viral genes may be enough to induce modifications of 
cell functions, even in the absence of a complete replication 
cycle as demonstrated in an experimental study [13]. 

Chromosomal integration of HHV-6A and HHV-6B DNA is a 
unique phenomenon among human herpesviruses. It is observed 
in approximately 1% of the general population [16], It corre- 
sponds to the covalent binding of the viral genome to the cell 
DNA in the telomeric region of a given chromosome. This bind- 
ing is present in all cells of the organism and the viral genome 
may be vertically transmitted by germ cells or horizontally trans- 
mitted via tissue or organ transplants. Viral reactivation from an 
integrated genomic form has already been demonstrated [ 17], 

HHV-6 primary infection triggers a specific immune response 
that can be identified through its humoral and cellular compo- 
nents [7,18,19]. Serum antibodies react to various viral proteins, 
and some of these proteins seem to be dominant antigens in 
serological tests. Cellular immune response may be detected 
with the proliferation of CD4 + and CD8 + T cells following 
exposure to viral antigens. However, the number of HHV-6- 
specific T cells circulating in the blood is low and a major 
cross-reactivity between HHV-6A and HHV-6B epitopes may be 
observed. These viruses are able to modulate the inflammatory 
response and the specific immune response by: 

• stimulating the synthesis of proinflammatory cytokines; 

• reducing the expression of HLA class I antigens at the surface 

of infected cells; 

• producing analogues of chemokines and chemokine recep- 
tors. 

These phenomena are believed to help the virus actively 
replicate by escaping from the immune response [13]. Despite 
this immune response observed as early as the primary infec- 
tion, reinfection by exogenous viral strains from the same viral 
species is possible and these strains coexist with homologous 
viral strains that are already latently present. This could trigger 
genetic recombination events [20], 

4. Epidemiology 

The ubiquitous viruses HHV-6A, HHV-6B, and HHV-7 are 
widely observed in the general population as Humans are the sole 
natural hosts [12]. They are primarily transmitted through saliva, 
very early in life. Breastfeeding does not seem to play any role 
in the transmission of HHV-6A and HHV-6B, but the presence 
of HHV-7 in breast milk has been demonstrated and suggests a 
potential route of transmission |21], The in utero transmission 
of HHV-6 as a traditional virus is observed in approximately 1% 
of pregnancies. This figure is similar to that observed with CMV, 
but it is believed to be often associated with the presence of viral 
DNA integrated to the mother’s chromosomes even though this 
mechanism is still not clearly understood [ 22] . The transmis- 
sion of HHV-6 through organ transplants has also been reported 


while its transmission via labile blood products has never been 
observed [23], 

HHV-6B primary infection usually occurs in early childhood, 
between 6 months and 3 years of age. HHV-7 and HHV-6A pri- 
mary infections occur later on. Thus, anti-HHV-6 antibodies 
reappear as early as 6 months of age when the mother’s anti- 
bodies disappear, while HHV-7 seroconversion occurs at a later 
stage. There is currently no specific serological test for both 
HHV-6 species; the exact mean age and frequency of HHV- 
6A primary infection thus remain unknown. The prevalence of 
HHV-6B and HHV-7 infections is very high, above 90% in the 
general adult population. The prevalence of HHV-6A infection 
is probably very high as well, but it has yet to be precisely 
measured. 

5. Associated diseases 

5.1. Primary infection 

Many HHV-6A, HHV-6B, and HHV-7 primary infections 
are asymptomatic. HHV-6B primary infection is often associ- 
ated with exanthema subitum (also known as roseola infantum 
or sixth disease), a benign acute disease of infants [3,24] 
(Table 1). This disease is usually observed in infants aged 
between 6 months and 3 years. It usually consists of two consec- 
utive phases: fever for 3 to 5 days, often associated with seizures, 
and then a rubella-like rash on the neck and chest observed when 
temperature drops and lasting for 1 or 2 days. HHV-6B pri- 
mary infection may be associated with less specific symptoms 
and, in some cases, more severe ones with isolated fever, infec- 
tious respiratory or digestive syndromes, meningoencephalitis, 
liver impairment, viral-like syndrome with mononuclear cells 
in blood, and macrophage activation syndrome [25-28]. Some 
encephalitis cases associated with HHV-6B primary infection 
have a particularly poor outcome and may lead to the patient’s 
death or to significant neurological sequelae [29,30]. In this con- 
text, the role of HHV-6B in the onset of severe pediatric cases 
of temporal lobe epilepsy is questioned. Symptomatic HHV-6A 
primary infections are not as well documented as those caused 
by HHV-6B [31,32]. HHV-6A or HHV-6B primary infection 
observed in fetuses during pregnancy leads to a congenital infec- 
tion that never seems to be associated with clear clinical signs 
at birth, unlike CMV. However, an impact on the child’s future 
neuropsychological development has been described [33], 

Clear HHV-7 primary infections are poorly documented, 
except for a few potential cases of exanthema subitum [34], 
Viral-like syndrome with mononuclear cells in blood, seizures, 
or other neurological impairments have also been associated 
with HHV-7 in studies lacking statistical power, while the asso- 
ciation with pityriasis rosea is still being questioned [35,36], 

5.2. Reactivations and chronic infection 

HHV-6A and HHV-6B are responsible for opportunis- 
tic infections that mainly correspond to reactivations of 
these viruses from their latent state during immunodeficiency 
(Table 1). Symptoms and diseases observed include fever with 
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Table 1 

Diseases associated with HHV-6A and HHV-6B infections. 
Maladies associees aux infections a HHV-6A et HHV-6B. 


Status of viral infection 

Proven association 

Suggested association to be confirmed 

Congenital infection 

- 

Impairment of neuropsychological development in infants 

Postnatal primary infection 

Exanthema subitum (roseola infantum or sixth disease) for 
HHV-6B 

Fever 

Seizures 

Mild respiratory and digestive symptoms 

Thrombocytopenia 

Viral-like syndrome with mononuclear cells in blood 
Encephalitis 

Hepatitis, colitis 

Exanthema subitum for HHV-6 A 

Macrophage activation syndrome 

Temporal lobe epilepsy 

Reactivation 

Fever 

Skin rash 

Thrombocytopenia, leukopenia, anemia 

Myelosuppression 

Encephalitis, neurocognitive deficit 

Hepatitis, colitis, gastroenteritis 

Retinitis 

Pneumonitis 

Drug-induced hypersensitivity syndrome (DRESS) 

Temporal lobe epilepsy 

Transplant rejection 

Graft- versus-host disease (GVHD) 

Thrombotic microangiopathy 

Chronic infection 


Multiple sclerosis 

Hashimoto’s thyroiditis 

Myocarditis, chronic cardiomyopathy 

Rapid progression towards AIDS in HIV-infected patients for 
HHV-6A 

Chromosomal integration 11 

— 

Increased risk of angina pectoris 

Increased risk of HHV-6 congenital infection 


a Observed in approximately 1% of the general population. 


rash and cytopenia, pneumonitis, hepatitis, and encephalitis in 
organ transplant recipients, as well as colitis and retinitis in 
HIV-infected patients 1 37-39], The most common presentations 
are limbic encephalitis, neurocognitive impairment, and delayed 
engraftment in patients who underwent a hematopoietic stem- 
cell transplant 1 40,41], HHV-6A and HHV-6B reactivations less 
often lead to severe diseases in solid organ transplant recipi- 
ents [42], Besides, CMV is often concomitantly detected with 
HHV-6A or HHV-6B and raises the question of each virus sole 
responsibility in the onset of these diseases. HHV-6 reactivation 
may be associated with acute transplant rejection but it is still dif- 
ficult to know if the viral reactivation is the cause or consequence 
of the rejection. 

The role of HHV-6A as a cofactor of the human immunode- 
ficiency virus (HIV) in the progression towards AIDS is mainly 
supported by in vitro experimental findings: joint infection of 
CD4 + T cells by both viruses, induction of CD4 receptor expres- 
sion by HHV-6 in CD8 + T cells and natural killer cells (NK cells) 
that would thus become susceptible to HIV, and HIV gene trans- 
activation by HHV-6 [43], However, even though HHV-6A and 
HHV-6B are frequently detected and responsible for opportunis- 
tic infections in HIV-infected patients, their aggravating role in 
the progression towards AIDS has never been formally proven 
[44], 

Drug-induced hypersensitivity syndrome, also known as drug 
rash with eosinophilia and systemic symptoms (DRESS), is 
often associated with HHV-6B reactivations, to such an extent 
that this association is used as a diagnostic criterion for DRESS 


by Japanese dermatologists [45], The disease usually occurs 
after intake of antibiotics or antiepileptic drugs. It maybe charac- 
terized by fever, skin rash, adenopathy, cytolytic hepatitis, blood 
hypereosinophilia, and a significant deterioration of the patient's 
general status. It has been demonstrated that some of these drugs 
stimulate the in vitro replication of HHV-6B, that could thus be 
the cause of the disease [46]. 

The association between both species of HHV-6 and 
lymphoid tissue tumors has been suggested based on their exper- 
imental carcinogenic power on mouse cells and more recently 
because of their chromosomal integration capacity. In humans, 
the viral genome has been isolated from tumor tissues of patients 
presenting with lymphoma and Hodgkin’s disease, sometimes 
as an integrated form to the cellular genome [47,48]. However, 
findings from a study conducted on healthy control individuals 
showed that HHV-6A and HHV-6B are also frequently detected 
in lymphoid tissues in the absence of tumor [49] . 

The role of HHV-6A and HHV-6B in the occurrence of 
autoimmune diseases has been discussed in patients presenting 
with multiple sclerosis and, more recently, with Hashimoto’s 
thyroiditis [50,51]. These viruses are detected in the central 
nervous system of patients presenting with multiple sclero- 
sis, especially in demyelinated plaques. Serological data also 
demonstrates a higher antiviral immune response in individ- 
uals presenting with multiple sclerosis, but the topic is still 
the object of much debate. The same goes for the potential 
etiological role of these viruses in some cardiomyopathies or 
chronic arteriopathies [52,53], Although this finding still needs 
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Table 2 

Diagnostic strategies for HHV-6A, HHV-6B, and HHV-7 infections. 
Approches diagnostiques des infections a HHV-6A, HHV-6B et HHV-7. 
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General strategy 

Technique 

Indications 

Comments 

Indirect diagnosis 

Detection and avidity assays 

Primary infection diagnosis 

Difficult interpretation in case of 


for IgG and IgM by IF or IE 

Seropre valence studies 

reactivation and/or immunodeficiency 

No distinction between HHV-6A and 

HHV-6B 

Cross-reactivity with other 
Betaherpesvirinae 

Direct diagnosis 

Viral isolation in cell culture 

Active infection with infectious virus 
production 

Reference method but time-consuming, 
expensive, and technically demanding 
Low sensitivity 


Antigen detection 

Active infection with viral gene 
expression 

Low sensitivity 

Limited availability of reference 
antibodies 


DNA detection by qualitative 

Infection with presence of viral 

No distinction between latent infection, 


PCR 

genome in tissues or biological fluid 

active infection, and chromosomal 
integration 


DNA quantification by 

Active infection with viral genome 

Need for standardization (international 


quantitative PCR 

replication (longitudinal follow-up of 
viral load) 

Comparison of the viral load in blood 
and target organs 

benchmark) 

Need to precisely define active infection 
and chromosomal integration thresholds 


Detection of viral transcripts 

Distinction between latent and active 

Currently limited sensitivity 


by RT-PCR 

infection 

Reactivation during chromosomal 
integration 

Need for standardization 


Digital PCR using 
microdilution 

Precise quantification of viral DNA 
Identification of a chromosomal 
integration 

Limited sensitivity (to be studied) 


DNA sequencing 

Molecular epidemiology 

Antiviral resistance 

Identification of reinfections or 
coinfections by different viral strains 

Role of NGS to be studied 


IF: immunofluorescence; IE: immunoenzymology; PCR: polymerase chain reaction (gene amplification); RT-PCR: reverse transcriptase-polymerase chain reaction 
(gene amplification following reverse transcription); NGS: next-generation sequencing. 


to be confirmed, the chromosomal integration of HHV-6A and 
HHV-6B could be a risk factor for angina pectoris [54], 

The role of HHV-7 in opportunistic infections and some 
tumors has been mentioned, but available data is still weak. Para- 
doxically, detecting HHV-7 infection seems to be correlated with 
better prognosis for HIV infection. One reason might just be the 
presence of a sufficient number of CD4 + T cells [55], 

6. Diagnosis 

6. 1 . Direct diagnosis 

Direct diagnosis aims at detecting the viruses responsible 
for the infections, at characterizing them - and especially at 
differentiating HHV-6A from HHV-6B - at defining the indica- 
tion for antiviral treatment, and at monitoring treatment efficacy. 
Direct diagnosis relies on the direct detection of viruses and viral 
components (Table 2). This type of diagnosis targets the viral 
particles that are released in biological fluids and infected cells 
of these fluids and tissues. Infected cells are crucial in case of 
HHV-6A, HHV-6B, and HHV-7 infections, which, in vivo, are 
mostly intracellular viruses [56], 


Biological specimens used for diagnostic tests are whole 
blood (sampled with an anticoagulant) rather than plasma, saliva, 
other bodily fluids such as cerebrospinal fluid (CSF) or bron- 
choalveolar lavage specimen, and tissue biopsies. Biological 
specimens must be adapted to the observed clinical syndromes 
and to the relevant diagnostic questions. 

Virus isolation from cultures of primary lymphocytic cells is 
the historical reference method [1,5,7], However, culture tech- 
niques lack sensitivity, are time/staff/reagent-consuming, and 
are associated with risks related to the production of infectious 
viruses. They are now mainly used for research purposes. 

Viral antigens of HHV-6A, HHV-6B, and HHV-7 may be 
directly detected in infected cells or tissues using the immu- 
nofluorescence or immunohistochemistry technique thanks to 
monoclonal antibodies [57], This technique is also mainly used 
for biomedical research purposes as it has a relatively low sensi- 
tivity and is limited by the low number of functional antibodies 
available. 

Detecting genomic DNA by gene amplification (PCR) is cur- 
rently the reference technique; it is accessible, specific, and very 
sensitive. Quantitative PCR methods, notably real-time PCR, 
constituted a significant advance as they reduced the risk of 
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Severe clinical syndrome indicative of HHV-6A or HHV-B infection 

* 



* 


Antiviral treatment? 

I 


| Treatment efficacy? 

4 

| Resistance to antiviral treatment? 


■=> 

■=> 

■=> 

«=> 

«=> 

■=> 


| Take into consideration: patient age, immunodeficiency, clinical symptoms 


Take into consideration: viral DNA in whole blood (quantification and 
interpretation based on the number of cells observed) 


Take into consideration: viral DNA in the appropriate bodily fluid, if available 
(quantification and comparison with whole blood if possible) 


Take into consideration: viral DNA in skin appendages (detection and 
quantification) 

Take into consideration: potential associated reactivation (quantification of 
activation transcripts - to be standardized) 


Take into consideration: dynamics of the active infection, absence of any 
other opportunistic pathogen, activation transcripts (quantification - to be 
standardized) 


Take into consideration: clinical symptoms, viral DNA in appropriate whole 
blood and biological samples, if available (monitored quantification) 


Take into consideration: treatment duration, other potential causes of 
treatment failure, resistance mutations (PCR and sequencing of viral genes 
U69 et U38) 


Fig. 1. Decision tree for diagnosing and treating severe HHV-6A or HHV-6B infection. Several of the virological examinations mentioned in this diagram need to 
be standardized and/or approved for the suggested diagnostic use. The term “HHV-6” refers to both viral species (HHV-6A and HHV-6B). 

Schema decisionnel pour le diagnostic et le traitement d’une infection severe a HHV-6 A on HHV-6B. Plusieurs des examens virologiques presentes sur ce schema 
necessitent d’etre standardises et/ou approuves pour V utilisation diagnostique proposee. Le terme HHV-6 se ref ere collectivement aux deux especes virales HHV-6 A 
et HHV-6B. 


contamination by amplified DNA and provided a relatively pre- 
cise value of the viral load in a given body organ or compartment 
[58,59]. Detecting and quantifying viral messenger (or tran- 
script) RNA using RT-PCR is an interesting additional strategy 
to better characterize the active or latent nature of the infec- 
tion, but this technique needs to be improved [60]. Sequencing 
viral nucleic acids helps in characterizing them. Among the lat- 
est technical innovations of molecular assays, droplet digital 
PCR helps in quantifying viral DNA without having to use a 
range of benchmarks. Next-generation sequencing also helps 
in analyzing the various viral subpopulations within a single 
specimen [61,62]. All molecular techniques used for the direct 
diagnosis of HHV-6A, HHV-6B, and HHV-7 infections need to 
be meticulously standardized using international benchmarks. 

6.2. Indirect diagnosis 

The indirect diagnosis relies on the detection of specific 
serum antibodies, immunoglobulins G (IgG) and M (IgM), 
most often using the immunofluorescence technique [63]. West- 
ern blot techniques and serum neutralization tests have been 
described in the diagnosis of HHV-6 infection; they are however 
mainly used for research purposes. Several factors restrict the 
use of viral serology, including cross-reactions between HHV- 
6A, HHV-6B, HHV-7, and CMV antibodies; the absence of a 
specific serological test able to distinguish HHV-6A infections 
from HHV-6B infections; the highly frequent HIV-infected sta- 
tus of the general adult population; the absence of correlation 
between the absolute value or variations of the antibody titer 
and the presence of an active viral infection; and the alteration 
of the humoral immune response in some immunocompromised 
patients. Serological assays are indicated in only two cases: 


primary infection detected through seroconversion and through 
the identification of specific IgM, and seroprevalence studies 
where seropositivity is indicative of a chronic latent infection. 

6.3. Diagnostic strategy and result interpretation 

The diagnosis of HHV-6A, HHV-6B, and HHV-7 infections is 
usually established based on severe symptoms indicative of pri- 
mary infection or reactivation. In these situations, priority must 
be given to the direct diagnostic method [63] (Fig. 1). Indirect 
diagnosis remains interesting because of its retrospective diag- 
nosis of a primary infection. Otherwise, the identification of a 
seropositive status is associated with a poor diagnostic impact. 

An active infection may be distinguished from a latent one by 
measuring the DNAemia of HHV-6A and HHV-6B; the thresh- 
old in-between those two states is roughly set around 1,000 
copies of viral genome per milliliter of whole blood [6], Suc- 
cessive measures of DNAemia allows for a better assessment of 
the reactivation curve. As HHV-6A, HHV-6B, and HHV-7 are 
essentially intracellular viruses, it is quite useful to express the 
DNAemia in terms of the number of cells present in the circu- 
lating blood to avoid underestimating viral replication in case of 
severe leukopenia [64]. Chromosomal integration of HHV-6A 
or HHV-6B must be considered in case of a very high and stable 
DNAemia, reaching or above a million copies of genomic DNA 
per milliliter of whole blood [13,16]. This chromosomal integra- 
tion must be confirmed by the presence of HHV-6 DNA in skin 
appendage specimens (hair follicles, nails), which are devoid of 
such DNA in the absence of integration, or by the parallel quan- 
tification of viral and cellular DNA by digital PCR - method 
that still needs to be improved. Viral reactivations have, how- 
ever, been described in patients presenting with chromosomal 
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integration, and are currently very tricky to identify given the 
lack of standardized techniques for quantifying viral transcripts 

[17]. 

Detecting HHV-6A or HHV-6B DNA in the CSF is highly 
indicative of an active infection of the central nervous system, 
especially of encephalopathy. This diagnosis must be consid- 
ered even if the results of the concomitant DNAemia analysis 
are not significantly high as reactivation limited to the central 
nervous system may occur. In case of DNA detection in the CSF, 
chromosomal integration must be ruled out as it can yet again 
lead to a false positive result [65], As for other body compart- 
ments susceptible to be the target of HHV-6 active infection, 
comparing the DNA viral load in tissues and whole blood helps 
in confirming the presence of in situ viral replication. 

The diagnostic strategy and result interpretation would be 
similar for HHV-7 infections even though the virus pathogenicity 
is far from being demonstrated; diagnostic strategies are less well 
developed and used than the ones for HHV-6; and chromosomal 
integration has so far never been described in this infection. 

7. Antiviral treatment 

7.1. Available antiviral treatment 

In vitro, the replication of HHV-6A, HHV-6B, and HHV-7 is 
inhibited by foscarnet, ganciclovir, and cidofovir. All these drugs 
are inhibitors of the viral polymerase DNA encoded by the U38 
gene, and are active at concentrations close to those effective 
against CMV 1 13]. In contrast, aciclovir and its prodrug (valaci- 
clovir) have no significant activity at the concentrations obtained 
in treated patients. Ganciclovir and cidofovir need to have gone 
through three or two phosphorylation steps, respectively, inside 
the cells to trigger their inhibiting effect, while foscarnet acts 
directly without any modification required. Phosphorylations 
are performed by cellular kinases, except for the first step of 
ganciclovir phosphorylation process, which is catalyzed by a 
viral phosphotransferase (or protein kinase) encoded by the U69 
gene. This mechanism of action is in line with the localization 
of the mutations responsible for HHV-6 resistance to antiviral 
drugs: within the U69 gene for the resistance to ganciclovir and 
the U38 gene for the resistance to the three molecules [66,67]. 
Note that HHV-6 resistance can appear during the prolonged 
treatment of CMV infection [66], 

7.2. Indications and treatment follow-up 

There is no official indication for initiating antiviral treat- 
ments targeting HHV-6A and HHV-6B as their effects have only 
been reported in a few isolated clinical case patients. 

However, these treatments may reasonably be proposed as 
a monotherapy or in combination to patients presenting with 
severe clinical presentations when one of these viruses is likely 
to be involved, all the more so in immunocompromised patients 
(Fig. 1). It is, however, too early to suggest a preventive treat- 
ment before diagnosing HHV-6 active infection, or a preemptive 
treatment for a diagnosed active infection with no associated 
clinical symptoms. All HHV-6A or HHV-6B active infections 


do not necessarily progress into severe diseases; some are spon- 
taneously controlled thanks to the immune response. Thus, 
healthcare professionals seem to agree in saying that lim- 
bic encephalitis observed in hematopoietic stem-cell transplant 
recipients is an indication for curative treatment [13,68], 

The clinical and virological efficacy of all antiviral treatments 
initiated must be monitored, including measuring the viral load 
using quantitative PCR. The clinical impact of the emergence 
of resistant viruses is for now quite mild, but resistance must be 
considered in case of therapeutic failure and must lead health- 
care professionals to look for associated mutations using viral 
genome sequencing techniques. 

We stress the need for developing and conducting therapeutic 
studies with a well-designed method to validate treatments for 
HHV-6 A, HHV-6B, and HHV-7 infections. 
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Abstract 

Objectives. - Reducing antibiotic consumption has now become a major public health priority. Reducing treatment duration is one of the means 
to achieve this objective. Guidelines on the therapeutic management of the most frequent infections recommend ranges of treatment duration in 
the ratio of one to two. The Recommendation Group of the French Infectious Diseases Society (SPILF) was asked to collect literature data to then 
recommend the shortest treatment durations possible for various infections. 

Methods. - Analysis of the literature focused on guidelines published in French and English, supported by a systematic search on PubMed. 
Articles dating from one year before the guidelines publication to August 31, 2015 were searched on the website. 

Results. - The shortest treatment durations based on the relevant clinical data were suggested for upper and lower respiratory tract infections, 
central venous catheter-related and uncomplicated primary bacteremia, infective endocarditis, bacterial meningitis, intra-abdominal, urinary tract, 
upper reproductive tract, bone and joint, skin and soft tissue infections, and febrile neutropenia. Details of analyzed articles were shown in tables. 

Conclusion. - This work stresses the need for new well-conducted studies evaluating treatment durations for some common infections. Following 
the above-mentioned work focusing on existing literature data, the Recommendation Group of the SPILF suggests specific study proposals. 
©2017 Elsevier Masson SAS. All rights reserved. 


Keywords: Treatment duration; Antibiotic therapy; Short treatment; Antibiotic consumption; Antibiotic stewardship 

Resume 

Objectifs. - Reduire les durees des traitements antibiotiques est un des moyens permettant une reduction globale de la consommation 
d’ antibiotiques. Les recommandations, meme les plus recentes, proposent tres souvent des fourchettes de durees de traitement. Le Groupe 
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recommandations de la Societe de pathologie infectieuse de langue frangaise (SPILF) a effectue une revue de la litterature, dans le but de faire des 
propositions de durees de traitements courts dans les infections bacteriennes. 

Methodes. - Revue de la litterature, jusqu’au 31 aout 2015, des essais randomises abordant les durees de traitement, des recommandations 
recentes et de leurs argumentaires. 

Resultats. - Des durees de traitement courtes (souvent plus courtes que dans certaines recommandations) peuvent etre proposees pour les 
infections respiratoires hautes et basses, les bacteriemies dont celles liees aux catheters veineux centraux, les endocardites infectieuses, les 
meningites bacteriennes, les infections intra-abdominales, urinaires et genitales, les infections osteo-articulaires, les infections de la peau et des 
tissus mous et les neutropenies febriles. Le detail des articles sur lesquels se basent ces propositions est repris dans des tableaux. 

Conclusion. - Ce travail, qui montre la pauvrete de la litterature s’interessant specifiquement aux durees de traitements antibiotiques, permet 
d’identifier les etudes a realiser de fagon prioritaire dans ce domaine. 

©2017 Elsevier Masson SAS. Tous droits reserves. 
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1. Introduction 

Guidelines on the therapeutic management of the most fre- 
quent infections recommend ranges of treatment duration in the 
ratio of one to two. These ranges take into consideration the 
various clinical presentations of a single infection and causative 
agents. 

Reducing antibiotic consumption has now become a major 
public health priority. Reducing treatment duration is one of the 
means to achieve this objective. 

Shorter treatment duration and reevaluation by a senior physi- 
cian of treatment durations exceeding seven days are part of 
the suggestions included in the Program for the prevention of 
healthcare-associated infections (French acronym PROPIAS) 
and in the report entitled “All together, let’s try and save antibi- 
otics” [1], 

For instance, the authors of a recent review of randomized 
study data on the use of biomarkers and specialized mobile team 
concluded to the greater benefit of a short treatment in lower 
respiratory tract infections and did not observe any changes in 
terms of success, relapse, and mortality [2], 

The Recommendation Group of the French Infectious Dis- 
eases Society (French acronym SPILF) was asked to collect 
literature data to then recommend the shortest treatment dura- 
tions possible for various infections. 

2. Method 

Topics and methods were defined by the SPILF Recommen- 
dation Group during Autumn 2014. 

Each chapter was written by two members of the group 
using a literature analysis. Two other members reviewed 
each chapter before final approval from all members of the 
group. 

The literature analysis focused on guidelines published in 
French and English. It was then supported by a systematic 
search on PubMed. Articles dating from one year before the 
guidelines publication to August 31, 2015 were searched on 
the website. We used the following search terms to narrow our 
search down: “treatment duration”, “antibiotic”, “short treat- 
ment”, “long treatment”, “short course”, “short vs. long”, and 


“reduced duration”. In addition to this search, a systematic anal- 
ysis of treatment durations used in randomized trials evaluating 
the given infection was performed during the specified period. 
Results of the analysis of all studies used to draft the present 
document are available in the appendix. 

Findings from our work are presented by topics, with the 
following information for each section: 

• a box summarizing the shortest treatments that may be sug- 
gested, for standard clinical situations; 

• a summary of data that helped in drafting the guidelines; 

• a table presenting the main characteristics of studies that we 
took into consideration. 

3. Upper respiratory tract infections 


Suggested treatment durations: 

• 5 days: 

o acute otitis media (AOM) in children from 
2 years of age, without any relapse nor any 
otorrhea, 

o adult maxillary sinusitis; 

• 6 days: 

o group A streptococcal tonsillitis treated with 
amoxicillin; 

• 10 days: 

o AOM in children aged below 2 years, or recur- 
rent AOM, or AOM associated with otorrhea, 
o pediatric maxillary sinusitis, 
o frontal sinusitis. 


Method.- Source: Good Practice Recommendations - Sys- 
temic antibiotic therapy in routine practice for the treatment 
of adult and pediatric upper respiratory tract infections (2011), 
IDSA Guidelines on sinusitis [3], and literature analysis on 
PubMed from 201 1 to 2015. 
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Key points: 


• upper respiratory tract infections are the most frequent cause 
of antibiotic prescriptions; 

• treatment duration has extensively been studied in ENT infec- 
tions [4-7]; 

• many antibiotics were launched in the 1990s (cephalosporins 
and macrolides). The vaccine industry believed shorter treat- 
ments to be a market advantage, associated with a potentially 
better compliance; 

• treatment duration has never been used as the primary crite- 
rion in French or American guidelines to recommend an agent 
in the first-line treatment of a given infection. Criteria such 
as adaptation to bacterial epidemiology, antibiotic resistance, 
clinical effectiveness, tolerability, and ecological impact have 
instead rightly been used to guide this choice [3,8]; 

• one of the main characteristics of these infections is their high 
rate of spontaneous recovery, thus questioning the benefit of 
an antibiotic therapy. Cochrane reviews published on the treat- 
ment of AOM, group A streptococcal tonsillitis, or sinusitis 
all conclude to the limited benefit of the antibiotic therapy 
[9,10]. However, antibiotics are still indicated in most West- 
ern countries in the treatment of AOM, Group A streptococcal 
tonsillitis, and sinusitis; 

• considering this high rate of spontaneous recovery, study 
findings incur a great risk of being wrongly “non-inferior”. 
However, for group A streptococcal tonsillitis, diagnostic cri- 
teria and the primary efficacy endpoint (bacterial eradication) 
are particularly robust and reproducible. Conversely, for the 
two other ENT infections (AOM and sinusitis): 

o diagnostic criteria are not as robust as the ones used for 
group A streptococcal tonsillitis (i.e., mainly based on 


anamnesis and clinical examination for AOM and on anam- 
nesis alone for sinusitis), 

o recovery criteria are only clinical and are quite random 
as they are mainly subjective criteria; this implies that 
double-blind studies should only be taken into consider- 
ation [11,12], 

This is why treatment duration for group A streptococcal 
tonsillitis is better defined than for AOM (taking into consid- 
eration age, relapse, and otorrhea) and sinusitis (taking into 
consideration age and anatomical site) (Table 1). 

The main characteristics of studies considered in this analysis 
are presented in Table 2. 

4. Lower respiratory tract infections 


Suggested treatment durations: 

• 5 days: 

o COPD exacerbations, 

o pediatric community-acquired pneumonia; 

• 7 days: adult community-acquired pneumonia. 

A favorable clinical and/or biological outcome 
could lead to reducing treatment duration (3-5 
days), but literature data is still scarce. Studies are 
currently ongoing. 


Source: Good Practice Recommendations - Systemic antibi- 
otic therapy in routine practice for the treatment of adult lower 


Table 1 

Treatment duration for upper respiratory tract infections. 
Duree de traitement des infections respiratoires hautes. 


Upper respiratory 
tract infection 

Recommended 

agent 

Treatment 

duration 

Alternatives 


Group A beta-hemolytic 
streptococcus tonsillitis 

Amoxicillin 

6 days [0,0] 

Cefpodoxime 

Cefuroxime 

Azithromycin 

5 days [13,14] 

4 days 

3 days 

AOM 
< 2 years 

Or recurrent AOM 

Or AOM associated with 

otorrhea 

Amoxicillin 

10 days 

Cefpodoxime 

or 

erythromycin/ sulfafurazole 

10 days 

AOM 

other situations 

Amoxicillin 

5 days 

Cefpodoxime 

or 

erythromycin/ sulfafurazole 

5 days 

Maxillary sinusitis 

Amoxicillin 

10 days [0] 

Cefpodoxime 

10 days [8] 

Children 


10 to 14 days [0] 

or 

10 to 14 days [3] 

Adults 


7 days [0] 

5 to 7 days [0] 

cefuroxime 

7 days [8] 

5 to 7 days [3] 

Frontal sinusitis 

Amoxicillin-clavulanic 

acid 

10 days [0] 

Cefpodoxime 

Cefuroxime 

10 days 


AOM: acute otitis media. 


Table 2 

References - upper respiratory tract infections. 
Bibliographie - infections respiratoires hautes. 


Reference Infection Method Treatment 

group 1 

Casey JR Tonsillitis Meta-analysis 

Pediatr Infect Dis J 2005 [13] 

Chow AW, (IDSA) Acute sinusitis 

Clin Infect Dis 2012 [3] 

Cohen R Tonsillitis 

Pediatr Infect Dis J 1996 [18] 


Amoxicillin, 6 
days 


Cohen R AOM 5 days 

Pediatr Infect Dis J 2000 [11] Amoxicillin- 

clavulanic acid 


Cohen R AOM Multicenter 5 days 

J Pediatr 1998 [12] randomized Cefpodoxime 

double-blind study 


DeMuri GP Acute sinusitis Literature review 

N Engl J Med 2012 [15] 


Hoberman A 

Pediatr Infect Dis J 2000 [4] 

AOM 

Literature review 

Kozyrskyj A 

Cochrane rev 2010 [9] 

AOM 

Cochrane review 

Kozyrskyj AL 

JAMA 1998 [5] 

AOM 

Meta-analysis 


Treatment 
group 2 


Penicillin V, 10 
days 

10 days 
Amoxicillin- 
clavulanic acid 


10 days 
Cefpodoxime 


Treatment 
group 3 


Included 
patients ( n ) 


Results 


Comments 


320 No significant difference 


450 Superiority of the 10-day 

treatment in children aged 
below 2 years 


385 Superiority of the 10-day 

treatment in children aged 
below 2 years 


Antibiotics are still 
recommended for 
pediatric rhinosinusitis 
No study evaluating short 
treatment durations 

Superiority of the 10-day 
treatment in children aged 
below 2 years 

5 days seemed to be 
enough for most children 

5 days seemed to be 
enough for most children 


Robust primary 
endpoint: GAS 
eradication 

Double-blind study 
Stronger difference 
among children 
spending the day in 
daycare center 
services 

Double-blind study 
Stronger difference 
among children 
spending the day in 
daycare center 
services 


vo 

Ul 
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Table 2 ( Continued) 

Reference 

Infection 

Method 

Treatment 
group 1 

Treatment 
group 2 

Treatment 
group 3 

Included 
patients (n) 

Results 

Comments 

Lemiengre MB 

Cochrane Rev 2012 [10] 

Adult acute 

sinusitis 

Cochrane review 





Antibiotics were shown to 

be useless for most adults 
presenting with 
uncomplicated 
rhinosinusitis 


Peyramond D 

Scand J Infect Dis 1996 [ 16] 

Adult tonsillitis 

Randomized 

multicenter 
Open-label study 

Amoxicillin, 6 
days 

Penicillin V, 10 
days 


300 



Pichichero ME 

Diagn Microbiol Infect Dis 
2007 [14] 

Adult tonsillitis 

Meta-analysis 

2nd and 

3rd-generation 

cephalosporins 

Penicillin V, 10 
days 



Non-inferiority of the 

5-day treatment with 
cephalosporins 


Pichichero ME 

Pediatr Infect Dis J 1997 [6] 

Tonsillitis, AOM, 
acute sinusitis 

Literature review 





Possibility of a short 
treatment in most cases 


Pichichero ME 

Otolaryngol Head Neck Surg 
2001 [7] 

AOM 

Prospective study 

5 days 

7 days 

10 days 


Possibility of a short 
treatment in most cases, 
except for: patients below 

2 years of age; recurrent 
AOM- AOM associated 

with otorrhea 

Observational 
non-randomized study 

RBP 

AFSSAPS 2011 [8] 

Adult and 
pediatric upper 
respiratory tract 
infections 






5 days for patients above 

2 years of age 

10 days for patients below 

2 years of age 


Venekamp RP 

Cochrane rev 2015 [17] 

Pediatric AOM 

Cochrane review 





Most AOM patients did 
not need antibiotic 
therapy, except patients 
under the age of 2 and 
patients presenting with 
otorrhea 



GAS: group A streptococci; AOM: acute otitis media. 


C. Wintenberger et al. /Medecine et maladies infectieuses 47 (2017) 92-141 


C. Wintenberger et al. / Medecine et maladies infectieuses 47 (2017) 92-141 


97 


respiratory tract infections (2010), and literature analysis on 
PubMedfrom 2011 to 2015. 

The literature analysis focused on clinical trials comparing 
the efficacy of a single antibiotic (included in the list of recom- 
mended antibiotics) but with different treatment durations. 

Current guidelines [19] recommend a 7- to 14-day treat- 
ment duration for community-acquired pneumonia; the same 
recommendation applies for exacerbations of chronic obstruc- 
tive pulmonary disease (COPD) (average of 10 days). It must be 
reminded that prescribing antibiotics to pneumonia patients only 
helps the host’s defense mechanisms, as highlighted in an edito- 
rial published by Richard Wunderink [20] . Some authors showed 
that an inadequate/excessive inflammatory response could be 
responsible for the patient’s death, despite microbiological cure. 
Several authors pointed to the role of treatment duration in the 
selection of resistant bacteria [2 1 ,22] in studies where the risk of 
post-treatment resistant pneumococcal carriage in children pre- 
senting with respiratory tract infections was reduced during short 
amoxicillin treatments. Besides, the authors of an earlier study 
showed the clear correlation between low doses of antibiotics, 
prolonged treatment duration, and the development of bacterial 
resistance [22], 

4.1. COPD exacerbations 

National guidelines report a usual treatment duration of 7 to 
14 days (average of 10 days) [19]. A limited number of agents 
can be used with shorter treatment durations: streptogramins (4 
days), azithromycin (5 days), clarithromycin (5 days). However, 
in 2008, Falagas et al. published a meta-analysis of 3083 patients 
enrolled in seven randomized controlled trials, and showed treat- 
ment equivalence between a short 5-day treatment and a longer 
treatment of 7 to 10 days [23], 

4.2. Community-acquired pneumonia 

Dunbar et al. compared a 5 -day and a 10-day treatment 
with levofloxacin in a double-blind randomized prospective 
study [24] . Their findings highlighted the equivalence of both 
treatment groups, with a limit in the conclusion regarding the 
different levofloxacin doses (500 mg in the 10-day group and 
750 mg in the 5-day group). Indeed, levofloxacin activity is 
related to the ratio between the area under the curve and the 
pathogen MIC. This problematic has already been discussed 
in an editorial [25]. The authors of a subgroup analysis of the 
population aged over 65 years also did not observe any differ- 
ences between both treatment groups. However, the same limit 
in the conclusion as for the core study was raised [26]. The 
authors of another subgroup analysis of patients presenting with 
severe pneumonia (Pneumonia Severity Index III and IV) did not 
observe any differences in terms of clinical or microbiological 
success, except for a higher incidence of fever resolution after 
three days in the group receiving the 750 mg dose [27], 

The use of macrolides with particularly long half-lives also 
helped in improving compliance. Drehobl et al. performed 
an international randomized double-blind study comparing a 
single-dose microsphere formulation of azithromycin with 7 


days of clarithromycin. They did not observe any significant 
differences between both groups [28], Another study aimed to 
compare that same formulation of azithromycin with a 7-day lev- 
ofloxacin treatment at 500 mg daily. The authors did not observe 
any differences in terms of clinical success or bacteriological 
eradication [29]. The single-dose treatment was not exactly sim- 
ilar to a short treatment as the agent’s half-life was estimated 
at 60 hours. However, a summary of these two studies con- 
cluded that this single-dose administration of azithromycin was 
an interesting alternative to a 7-day treatment with levofloxacin 
[30], 

These studies highlight the benefit and feasibility of a shorter 
antibiotic therapy; however, they do not help in defining the 
target population of patients. Two strategies can be implemented 
to suggest a short treatment: a two-step clinical reevaluation 
or the use of biomarkers, procalcitonin (PCT) being the most 
frequently studied. 

(3-lactam antibiotics remain the standard treatment for pneu- 
monia in France. The authors of a prospective randomized 
double-blind study of adult mild to moderate pneumonia evalu- 
ated the administration of amoxicillin for 3 versus 8 days [31]. A 
treatment switch to oral placebo or oral amoxicillin was offered 
to patients whose clinical status improved on Day 3 (use of a 
composite score). Study results showed the non-inferiority of the 
3-day treatment in terms of success rates at D 10 and D28, clinical 
resolution, and radiographic outcome. Leophonte et al. com- 
pared the administration of ceftriaxone for 5 versus 10 days and 
observed an equivalence between both treatment groups [32], 

An interesting way to reduce both the initial prescriptions 
of antibiotics and the antibiotic therapy durations would be to 
correlate it with an inflammation biomarker. Christ-Crain et al. 
evaluated the usefulness of PCT testing on initial antibiotic pre- 
scriptions and on antibiotic discontinuations [33], Results from 
their study of 302 consecutive patients showed a significant 
reduction in initial antibiotic prescriptions (from 99 to 85%) 
and above all a significant reduction in antibiotic therapy dura- 
tions, from 12 to 5 days. This data had already been observed in 
the core study of 925 patients, with a PCT level-guided reduc- 
tion in treatment durations from 10.7 days to 7.2 days [34], 
Other study findings confirmed these results [33,35,36]. The 
main issue with using PCT is the excessive cost of analysis, 
ranging from 10 to 54 dollars per patient [37], and an inappro- 
priate use of the test by healthcare professionals. The authors of 
a Cochrane study assessed 14 studies of 4221 patients overall. 
They did not observe any differences in terms of mortality or 
treatment failures [38], The PCT level-guided antibiotic therapy 
duration group was associated with a significant reduction in the 
number of antibiotic exposure days: from 8 to 4 days. 

Li et al. [39 1 published a meta-analysis in 2007 where they 
regrouped 15 randomized clinical trials (azithromycin 10, 13- 
lactam antibiotics 2, fluoroquinolones 2, and ketolides 1). The 
authors did not observe any significant differences between short 
and long-term treatments in terms of risk of treatment failure, 
mortality, or bacteriological eradication. They suggested that 
a 7-day treatment, or even a shorter one, could be considered 
for patients presenting with mild to moderate pneumonia. In 
2008, Dimopoulos et al. performed another meta-analysis of 


98 


C. Wintenberger et al. / Medecine et maladies infectieuses 47 (2017) 92-141 


randomized studies comparing short treatments (< 7 days) and 
long-term ones (> 2 days of difference) using the same agent and 
the same dosing regimens [40]. The meta-analysis included five 
adult studies and two pediatric ones. No difference was observed 
between a short treatment (adults 3-7 days, children 3 days) and 
a long-term one (adults 7-10 days, children 5 days) in terms 
of clinical success, long-term follow-up, and microbiological 
response. 

Another way of prescribing shorter treatments would be 
to improve prescribes’ knowledge. Avdic et al. performed a 
before/after prospective monocentric study and observed that 
training prescribers helped in significantly reducing treatment 
duration [41]. No efficacy data was, however, available in this 
study. 

Murray et al. also performed a before/after study to evaluate 
the benefit of a set of measures including the systematic dis- 
continuation of antibiotics, a treatment duration correlated with 
CURB-65 criteria, and direct interactions with physicians [42], 
A moderate reduction in treatment duration was observed: from 
8.3 days to 6.8 days. 

Pediatric guidelines for non-severe pneumonia recommend 
treatment durations from 3 to 14 days, while the World Health 
Organization (WHO) recommends a 5 -day treatment [43], Only 
one prospective randomized double-blind comparative study has 
been performed in this area. The study evaluated children aged 6 
months to 5 years presenting with alveolar pneumonia suspected 
to be of pneumococcal origin and treated with amoxicillin. Suc- 
cess rate was not significantly different between the 5-day and 
10-day antibiotic treatments, while a 3-day treatment seemed to 
be enough [44] . 

The main characteristics of studies considered in this analysis 
are presented in Table 3. 

4.3. Conclusion 

Studies focusing on COPD exacerbation are scare but it seems 
reasonable to suggest a short treatment of 5 days as it did not 
prove inferior to a 7- to 10-day treatment in several randomized 
studies. 

Available studies on community-acquired pneumonia drive 
the recommendation of a 7-day treatment; however, available 
data cannot lead to the recommendation of a shorter treatment 
duration. 

5. Central venous catheter-related bacteremia (CRB) 


Suggested treatment durations: 

• 5 days: coagulase-negative staphylococci CRB, 
following catheter removal; 

• 7 days: CRB caused by Streptococcus, Ente- 
rococcus, and Gram-negative bacilli, following 
catheter removal; 


• 10 days: (+ antibiotic lock therapy): CRB without 
catheter removal, UNLESS S. aureus CRB; 

• 14 days: S. aureus CRB, following catheter 
removal; 

• 21 days: infected thrombosis. 

NB - Treatment duration may be modified for 
secondary localization or infective endocarditis. 


Method.- Source: 2001 Northern American guidelines on 
the management of central venous catheter-related bacteremia 
(CRB) [54], 2002 French Intensive Care Society guidelines 
(French acronym SRLF) [55], and literature analysis on PubMed 
from 2011 to 2015. 

When these guidelines did not discuss specific infections, we 
looked for expert recommendations or literature reviews. 

The choice of treatment durations either relies on early ran- 
domized studies conducted in the 1990s or on expert opinion. 
Little recent comparative data is currently available on treatment 
durations, except for Staphylococcus aureus (SA) CRB [56-58], 
Guidelines only recommend a short treatment in the absence 
of bacteremia complications, defined as: 

• a favorable outcome after 48-72 hours of treatment (favorable 
clinical and biological outcome with negative blood cultures); 

• absence of infected thrombosis; 

• absence of endocarditis or other infectious metastases that 
would require a prolonged treatment duration. 

Data is available on patients at higher risk of complicated 
presentations (prosthesis, diabetes, or cancer patients) [56,59], 
but guidelines do not mention this information. 

5.1. Uncomplicated S. aureus CRB: 14-day treatment with 
catheter removal 

Treatment administered for less than 14 days is associated 
with a higher incidence of complications (relapse, secondary 
localizations) [56,59], 

5.2. Uncomplicated CRB caused by coagulase-negative 
staphylococci (CoNS), Streptococcus, Enterococcus, and 
Gram-negative bacilli 

No study has so far been conducted to compare treatment 
durations in these types of CRB. Guidelines issued for these 
infections usually recommend ranges of treatment duration 
based on expert advice. 

The main treatment durations suggested by causative agents 
are presented in Table 4. 

The main characteristics of studies considered in this analysis 
are presented in Table 5. 


Table 3 

References - lower respiratory tract infections. 
Bibliographie - infections respiratoires basses. 


Reference 

Infection 

Method 

Treatment 

Treatment 

n 

Results 

Comments 




group 1 

group 2 




Studies comparing various 

antibiotics 







El Moussaoui [3 1 ] 

CAP 

Randomized 

AMX 3 days 

AMX 8 days 

63/56 

CR: 93% at D10 in both 

Non-inferiority of 


PSIcllO 

double-blind 




groups 

the 3-day versus 



non-inferiority 




Similar radiological success 

8 -day regimens 



study 




rate and similar time to 
symptom resolution 


Niederman [45] 

CAP 

Multicenter 

TEL 800 mg 5 

CLA 

5 days 193 

Similar CR observed in the 3 


Tellier [46] 


randomized 

days or 7 days 

500 mg/d, 10 

7 days 1 95 

groups 




double-blind 


days 

10 days 187 

Better treatment compliance 




study 




in the 5 -day treatment group 


Drehobl [28] 

Adult 

Multinational 

AZT 2 g, one 

CLA ER 1 g/d, 

202/209 

CR: 92.6% (A) vs. 94.7% (C) 

AZT has a 


moderate to 

multicenter 

intake (A) 

7 days (C) 


(NS) 

60-hour half-life; 


mildly severe 

randomized 





the single-dose 


CAP 

double-blind 





probably 



study 





corresponds to a 
short treatment of 
3-4 days 

D’lgnazio [29] 

Adult CAP, 

Randomized 

AZT 2 g, one 

LEV 

213/214 

CR: 89.7% (A) vs. 93.7% (L) 



Fine score I, 

double-blind 

intake (A) 

500 mg/d, 7 


(NS) 



n, hi 

study 


days 


BE: 90.7% (A) vs. 92.3% (L) 






(L) 


(NS) 


Dunbar [24] 

CAP 

Multicenter 

LEV 

LEV 500 

198/192 

CR: 92.4% (5 days) vs. 

Main bias: 



randomized, 

750 mg/d, 5 

mg/d, 10 days 


91.1% (10 days) (NS) 

modification of 



double-blind 

days 



BE: 93.2% (5 days) vs. 

two parameters 



study 




92.4% (10 days) (NS) 

(duration and 
dosage) 

Shorr [26] 

CAP >65 

Multicenter, 

LEV 750 

LEV 500 

80/97 

CR: 89% (5 days) vs. 91.9% 

Subgroup analysis 


years 

randomized, 

mg/d, 5 days 

mg/d, 10 days 


(10 days) (NS) 

of Dunbar’s study 



double-blind, 




BE: 90.3% (5 days) vs. 

[6] 



retrospective 




87.5% (10 days) (NS) 

Patients treated for 



study 





5 days were older 
and presented 
with a more severe 

infection 

High doses were 
well-tolerated 

Shorr [27] 

CAP, Fine 

Retrospective 

LEV 750 

LEV 500 

76/83 

CR: 90.8% vs. 85.5% (NS) 

Subgroup analysis 


score III & IV 

study 

mg/d, 5 days 

mg/d, 10 days 


BE: 88.9% vs. 87.5% (NS) 

of Dunbar’s study 







Resolution of fever at D3: 

[6] 


48.4% vs. 34% (P<0.05) 


vo 

VO 
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Table 3 ( Continued ) 


Reference 

Infection 

Method 

Treatment 
group 1 

Treatment 
group 2 

Antibiotic prophylaxis correlated with CRP 
Cals [47] Lower 

respiratory 
tract infection 

Pragmatic, 
randomized, 
controlled, 
cluster study 

Prescription 
with CRP 

measurement 
± training 

Prescription 
without CRP 

measurement 
± training 


Cals [48] 

Lower 
respiratory 
tract infection 

and 

rhinosinusitis 

Controlled 

randomized 
study 32 FPs 

Prescription 

correlated 

with CRP 

Control group 

Diederichsen [49] 

Respiratory 

Controlled 

Prescription 

Standard 


tract infection 

randomized 

study 

correlated 

with CRP 

group 


Antibiotic therapy correlated with PCT level 


Christ-Crain [33] 

CAP 

Randomized 

study 

Conventional 

antibiotic 

therapy 

Antibiotic 

therapy 

correlated 

with PCT level 

Long [35] 

Adult CAP 

Class I III PSI 

Randomized 

controlled 

study 

Standard 

treatment 

PCT 

level-guided 

treatment 

Kristoferssen [36] 

Adult CAP 

Multicenter 

randomized 

controlled 

study 

Standard 

treatment 

PCT 

level-guided 

treatment 

Christ-Crain [53] 

Lower 
respiratory 
tract infection 

Monocentric, 

prospective, 

randomized, 

single-blind 

study 

Standard 

treatment 

PCT 

level-guided 

treatment 


o 

o 


n 


Results 


Comments 


CRP 110 

CRP ± training group: reduction 

Training/information for FPs 

Training 84 

in initial prescriptions (52.9 to 

Only one CRP measurement 

CRP + 

30.8%, P = 0.02), reduction in 

On the basis of studied 

training 117 

antibiotics prescribed within 28 

criteria, training seemed to be 

Standard 120 

days (58.3 vs. 44.9%, P<0.01), 

more efficient than the use of 


no difference in terms of new 

CRP 


consultations at 28 days 

No clinical recovery data 

129/129 

Reduction in initial prescriptions 

No assessment of antibiotic 


from 51 to 41% in the CRP group 

therapy duration 


Reduction in antibiotic exposure 
within 28 days (from 58.8% to 
46.4%) 

No clinical recovery data 

Control group 

No reduction in prescription 

No clinical recovery data 

398 

(46% in the control group vs. 


CRP 414 

43%) 

Higher morbidity in the CRP 
group (12 vs. 8%, P = 0.05) 


151/151 

Reduction in initial prescriptions 
(85% vs. 99%) 

Reduction in treatment durations 
(5 vs. 12 days) 

No clinical recovery data 

86/86 

CR: 85.2% vs. 88.9% (NS) 

Cut off PCT <0.1 mg/1 


Per protocol: reduction of two 
days in the mean antibiotic 
therapy duration: 5 days vs. 7 
days (P< 0.001) 

No details on antibiotics used 

110/113 

25% reduction in treatment 

If PCT < 0.25 |Jig/L: treatment 


duration in the PCT group (6.8 

discontinuation 


days to 5.1 days, P = 0.007) 

No treatment response data 
Daily PCT measurement 

119/124 

Treatment duration reduction in 

No clinical recovery data 

45/42 CAP 

the PCT group, all infections 


31/29 COPD 

(10.9 vs. 12.8 days, P = 0.03). 
Reduction in initial prescriptions 
(83% vs. 44%, P< 0.0001) 

COPD group: no difference in 
terms of mortality and 
readmission. Similar treatment 

duration but fewer antibiotics 
prescribed (87% vs. 38%, 

PcO.001) 

No difference in terms of 
mortality 



C. Wintenberger et al. /Medecine et maladies infectieuses 47 (2017) 92-141 


Table 3 ( Continued ) 


Reference 

Infection 

Method 

Treatment 

Treatment 

n 

Results 

Comments 




group 1 

group 2 




Schuetz [38] 

Lower 

Multicenter 

Prescription 

Prescription 

694 without 

PCT group: prescription 

Objective: to reduce the use 


respiratory 

controlled 

without PCT 

with PCT 

PCT 

reduction (87.7 vs. 75.4%), 

of antibiotics 


tract infection 

randomized 



687 with PCT 

reduction in antibiotic therapy 

No clinical recovery data 



study 




duration (8.7 vs. 5.7 days) 




Non- 




CAP group: prescription 




inferiority 




reduction (99.1 vs. 90.7%), 




study 




reduction in antibiotic therapy 
duration (10.7 vs. 7.2 days) 

COPD group: prescription 
reduction (69.9 vs. 48.7%), 
reduction in antibiotic therapy 
duration (5.1 vs. 2.5 days) 


Stolz [50] 

COPD 

Monocentric 

PCT 

Standard 

113/113 

Similar clinical success 

Main objective: treatment 



randomized 

level-guided 

group 


Reduction in initial prescriptions 

duration 



controlled 

prescription 



from 72% to 40% (PcO.0001) 

PCT level reevaluation within 



study 




Significant reduction in antibiotic 
therapy durations 

24 hours 

Albrich [51] 

Lower 

Observational 



1520 patients 

The algorithm helped in reducing 

Outpatients and patients 


respiratory 

study 



assessed 

antibiotic therapy duration from 

treated in the emergency 


tract infection 





7.4 to 5.9 days (P< 0.001) 

department 

Modification according to a 

PCT level-based decisional 
algorithm 

Briel [52] 

Respiratory 

Non- 

PCT 

Control group 

PCT 231 

Antibiotic prescription reduction 

Limitation: mix of upper and 


tract infection 

inferiority 

level-guided 


Control group 

from 97% to 25% (72% 

lower respiratory tract 



multicenter 

prescription 


224 

reduction); 40% reduction for 

infections 



open-label 




pneumonia 

No clinical recovery data 



randomized 




Mean treatment duration 




study 




decreased from 7.1 to 6.2 days in 
the PCT group 


Avdic [41] 

CAP 

Before/after 



62/65 

Antibiotic therapy duration 

Intervention based on 



study 




decreased from 10 to 7 days 

educating and raising 







(P< 0.001) 

awareness of the benefit of 
reducing antibiotic therapy 
duration 

No efficacy data 


CAP: community-acquired pneumonia, PSI: pneumonia severity index, AMX: amoxicillin, CR: clinical recovery, TEL: telithromycin, CLA: clarithromycin, AZT: azithromycin, LEV: levofloxacin, BE: bacteriological 
eradication, CRP: C-reactive protein, PCT: procalcitonin, COPD: chronic obstructive pulmonary disease, FP: family physicians, NS: non-significant. 
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Table 4 

Treatment durations for central venous catheter-related bacteremia. 

Durees de traitement pour les bacteriemies liees aux catheters veineux centraux. 


Type of infection 

Duration of 

Short treatment 11 

Target population for 

Evidence required for 

Comments 


conventional 


a short treatment 

a short treatment 



treatment 11 





Uncomplicated CRB 






Staphylococcus aureus 

14 days to 6 weeks 

14 days 

Favorable outcome at 

Retrospective data. 

Catheter ablation 




72 hours (clinical 
outcome + negative 
blood cultures + 

absence of 
endocarditis) 

case series [56-58] 

required 

Coagulase-negative staphylococci 

5 to 7 days 

5 days 

Catheter ablation 

Expert advice: 

Catheter ablation 


10 to 14 days + ALT 

10 days + ALT 

No catheter removal 

absence of literature 

without antibiotic 




with ALT 

data 

therapy is sometimes 
enough 

Streptococci, enterococci, Gram-negative bacilli 

7 to 14 days 

7 days 

Catheter ablation 

Expert advice: 

For Pseudomonas 


10 to 14 days + ALT 

10 days + ALT 

No catheter removal 

absence of literature 

aeruginosa and 





data 

related bacteria: 

catheter ablation 

should be favored 

Complicated CRB 






Infected thrombosis 

3 to 6 weeks 

3 weeks 


Expert advice: 
absence of literature 

data 


Other (infective endocarditis, secondary localization) 

Based on the 
complication 
observed 






CRB: central venous catheter-related bacteremia; ALT: antibiotic lock therapy. 
a Antibiotic therapy duration is calculated from the day of catheter removal onwards. 
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Table 5 

References - central venous catheter-related bacteremia (CRB). 
Bibliographie - bacteriemies liees aux catheters veineux centraux. 


Reference 

Infection 

Method 

Study treatment 

Comparator 

Sample size 

Results 

Comments 

Mermel, 2009 [54] 

CRB 

IDSA guidelines 






Ghanem, 2007 [59] 

S. aureus CRB in 

Monocentric 

Effective 

14 days 

91 

3-month follow-up 

No specific analysis of 


cancer patients 

retrospective case 

antistaphylococcal 




treatment duration 



series 

therapy 




Increased incidence of 
complications in this 
population of patients (19% 
of thrombosis cases, 21% of 
septic embolism cases) — > a 
long-term treatment is useful 
for these patients 

Pigrau, 2003 [56] 

S. aureus CRB (+ 

Monocentric 

21 cloxacillin 

10-14 days 

87 CRB (and 20 

Efficacy of the short 

Exclusion of IE/early 


S. aureus bacteremia) 

retrospective case 

5 amoxicillin 


bacteremia), subgroup 

treatment in the absence of IE 

deaths/persistent 



series 

3 piperacillin- 


of 64 uncomplicated 

or relapse at 3 months in the 

hyperthermia at 72 




tazobactam 


episodes 

uncomplicated CRB and 

hours/infectious metastases 




21 vancomycin 

2 co-trimoxazole 



S. aureus bacteremia groups 


Zeylemaker, 2001 [58] 

S. aureus CRB 

Monocentric 

Effective 

1-14 days vs. 

49 

49% of complications at 1 




retrospective case 

anti staphylococcal 

>14 days 


year, non-correlated with 




series 

therapy 



treatment duration 


Malanoski, 1995 [60] 

S. aureus CRB 

Monocentric 

14 (3-lactam 

10-14 days vs. 

50 

No significant differences in 

Exclusion of patients 



retrospective case 

35 vancomycin 

>14 days 


terms of relapse for 

presenting with IE and early 



series 




uncomplicated episodes at 3 

complications (septic 







months 

2 relapses observed in 3 
patients treated for <10 days 

embolism, death) 

Raad, 1992 [57] 

S. aureus CRB 

Retrospective 

Effective 

<10 days vs. 

46 

Favorable outcome at 1 year 

Exclusion of patients 



multicenter case series 

antistaphylococcal 

10-14 days 


for the 28 episodes treated for 

presenting with IE and bone 



+ literature review 

treatment 



10-14 days, 3 relapses 

and joint localizations 







observed in 1 8 patients 

Fever or blood cultures + 







treated for <10 days 

persistence at 72 hours 
associated with treatment 

failure 

Ehni, 1989 [61] 

S. aureus CRB 

Prospective 

Effective 

<15 days 

13 

12 favorable outcomes, 1 




monocentric case 

anti staphylococcal 



relapse with IE at 3 months 




series 

treatment 





Mylotte, 1987 [62] 

S. aureus CRB 

Prospective 

Effective 

>14 days 

114 

Low incidence of IE/septic 




monocentric case 

antistaphylococcal 



embolism 




series 

treatment 





Mylotte, 1987 [63] 

S. aureus CRB 

Prospective 

10 nafcillin 

< 14 

28 

Favorable outcome for the 22 

Exclusion of patients 



monocentric case 

4 cefazolin 



patients treated with a short 

presenting with IE, and early 



series 

8 vancomycin 



treatment 

death 

Iannini, 1976 [64] 

S. aureus bacteremia 

Retrospective 

Effective 

3-21 days 

22 

Favorable outcome at 3 

Exclusion of patients 


+ device 

monocentric 

anti staphylococcal 



months 

presenting with IE 



case series 

treatment 






CRB: central venous catheter-related bacteremia; IE: infective endocarditis. 
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6. Uncomplicated primary bacteremia 


Suggested treatment durations: 

In the absence of infective endocarditis and sec- 
ondary localization: 

• 5 days: coagulase-negative staphylococci, oral 
streptococci; 

• 7 days: Enterobacteriaceae, enterococci; 

• 10 days: non-fermentative Gram-negative 
bacilli; 

• 14 days: S. aureus and S. lugdunensis. 


Method: considering the absence of specific guidelines, we 
conducted a literature analysis on PubMed from 2005 to 2015. 

Little data is available on antibiotic therapy duration, and 
available data is quite varied and hard to use. Data is heteroge- 
neous with regard to populations of patients (children, adults, 
intensive care patients, etc.), clinical situations (catheter-related 
bacteremia, bacteremia caused by an organ infection, primary 
bacteremia, i.e. without any known infectious sites), causative 
agents, but also with methods and durations of “short treat- 
ment” that may vary from less than 5 days to less than 10 days 
[65-71], There is also no specific guideline on the management 
of bacteremia (except for CRB). 

Nevertheless, the analysis of current data enables us to sug- 
gest, based on a satisfactory level of evidence (prospective data 
obtained with an appropriate method), that uncomplicated (with- 
out any secondary localization, infective endocarditis, infected 
thrombophlebitis nor any intravascular device-related infection) 
S. aureus bacteremia (susceptible or resistant to methicillin) 
with an initially favorable outcome within 72 hours may be 
treated with a 14-day treatment. Shorter treatments significantly 
increase the risk of relapse (>5%) [65], 

A 14-day treatment (by analogy with S. aureus) may be 
suggested considering the characteristics and prognosis of S. lug- 
dunensis bacteremia (absence of specific literature data). 

Treatment durations suggested for uncomplicated primary 
bacteremia rely on expert advice [66], descriptive retrospective 
data [67-69,71], a meta-analysis of heterogeneous studies [70], 
and on available CRB data (Table 6). 

Well-conducted studies focusing on bacteremia patients, such 
as the BALANCE study, are thus needed 1 72], 

The main characteristics of studies considered in this analysis 
are presented in Table 7. 

7. Infective endocarditis (except in case of surgery) and 
implantable pacemakers (PM) and implantable 
cardioverter defibrillator (ICD)-related infections 

7.1. Infective endocarditis (IE) 

Method.- 2009 and 2015 European guidelines [73,74], and 
literature analysis on PubMed from 2005 to 2015. When these 


Suggested treatment durations: 

• 1 week: 

o removed PM- or ICD-related uncomplicated 
bacteremia, except for S. aureus bacteremia; 

• 2 weeks: 

o removed PM- or ICD-related uncomplicated 
bacteremia caused by S. aureus, 

o penicillin-susceptible streptococcal infective 
endocarditis, if combination of [3-lactam and 
aminoglycoside; 

• 4 weeks: 

o uncomplicated native valve infective endo- 
carditis, 

o removed PM- or ICD-related infective endo- 
carditis; 

• 6 weeks: 

o prosthetic valve infective endocarditis, 

o non-removable PM- or ICD-related bac- 
teremia. 

NB: treatment duration may be modified for a 

secondary localization. 


guidelines did not discuss specific infections, we looked for 
expert recommendations or literature reviews. 

Treatment durations recommended in the 2009 and 2015 
European guidelines [73,74] are also mentioned in the North- 
ern American guidelines [75,76]. Treatment durations are either 
based on early randomized studies conducted in the 1990s or on 
expert opinion. Recent comparative data on treatment durations 
is scarce, except for retrospective data on aminoglycoside treat- 
ment duration in enterococcal infective endocarditis [77,78], 
Table 8 presents treatment durations suggested for uncom- 
plicated infective endocarditis (absence of surgical indication, 
absence of bone and joint septic localization) caused by bacteria 
susceptible to standard (3-lactams. 

The following short treatments are the only validated ones 
for native valve infective endocarditis: 

• dual combination therapy with IV (3-lactam and gentam- 
icin for two weeks for uncomplicated infective endocarditis 
caused by penicillin-susceptible oral streptococci [79]. This 
combination therapy containing two weeks of an aminogly- 
coside is associated with an increased toxicity (renal and 
cochlear) compared with the conventional treatment (IV 13- 
lactams for four weeks); 

• two weeks of IV penicillin M monotherapy for right- 
sided infective endocarditis caused by methicillin-susceptible 
S. aureus (MSSA) [80,81], 

For other situations, no study has compared a 4- week treat- 
ment with a 6-week treatment with (3-lactams; and no data 
suggests the superiority of the 6-week treatment. 
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Table 6 

Treatment durations - primary uncomplicated bacteremia 11 . 
Durees de traitement - bacteriemies primaires non compliquees. 


105 


Type of infection 

Suggested treatment duration (days) 

Target population for 
a short treatment 

Evidence required for 
a short treatment 

Comments 

S. aureus 

14 

Rapidly favorable 

Non-randomized 




outcome {<12 hours) 

prospective data 




Absence of secondary 

(appropriate method) 


Coagulase-negative staphylococci 

5 

localization, IE, and 

Expert advice 


Enterococci 

7 

infected thrombosis 

Expert advice 


Oral streptococci 

5 

If catheter: catheter 

Expert advice 


Enterobacteriaceae 

7 

ablation 

Expert advice 


Non-fermentative GNB 

10 


Expert advice 



GNB: Gram-negative bacilli; IE: infective endocarditis. 
a For complicated primary bacteremia, please refer to the treatment suggested for the complication 


With regard to aminoglycosides: 

• for streptococcal IE, they are only useful in the short treat- 
ment of infective endocarditis and in patients allergic to 
(3-lactams; 

• their benefit is disputed in MSSA infective endocarditis as 
no clinical study has so far demonstrated any significant 
differences between a p-lactam monotherapy and a dual 
combination therapy with (3-lactams and an aminoglycoside 
[82,83], These studies lack statistical power to come to any 
conclusion. Experimental data (in vitro and animal studies) 
also favors the addition of an aminoglycoside. The 2015 
European guidelines no longer recommend the use of amino- 
glycosides in the treatment of MSSA infective endocarditis; 

• aminoglycoside administration may be limited to two weeks 
in enterococcal infective endocarditis (well-conducted ret- 
rospective studies, such as “before/after” cohort studies) 
[77,78], 

There is a strong consensus for a 6-week treatment for 
prosthetic valve infective endocarditis because of the biofilm 
presence. 

7.2. PM- and ICD-related bacteremia 

Method: research based on the 2015 British guidelines 
[84], and on a literature analysis on PubMed from 2005 to 
2015. 

Very little literature data is available on treatment durations 
for this type of infections. 

Recent British guidelines [84] suggest the following treat- 
ment modalities, with a poor level of evidence (case series, 
heterogeneous retrospective studies) (Table 8): 

• in the absence of infective endocarditis or secondary local- 
ization and following device removal (PM or ICD): 1 or 2 
week(s) of antibiotic therapy; 

• in the presence of infective endocarditis and device removal: 
similar treatment duration as for infective endocarditis; 


• if the device (PM or ICD) cannot be removed: 6-week antibi- 
otic therapy, followed by blood culture control at treatment 
discontinuation. A longer treatment duration or even a sup- 
pressive treatment may be discussed in case of bacteremia 
relapse. 

The main characteristics of studies considered for the anal- 
ysis of infective endocarditis and PM/ICD-related bacteremia 
treatment durations are presented in Table 9. 

8. Bacterial meningitis 


Suggested treatment durations: 

• 5 days: 

o N. meningitidis meningitis; 

• 7 days: 

o H. influenzae meningitis, 
o S. pneumoniae meningitis; 

• 14 days: S. agalactiae meningitis; 

• 21 days: 

o L. monocytogenes meningitis, 
o Gram-negative bacilli meningitis, except for 
H. influenza meningitis. 


Method: 2004 American guidelines [91] and 2009 French 
guidelines [92], PubMed search using the following search 
terms: “meningitis”, “bacterial meningitis”, “pneumococ- 
cal meningitis”, “meningococcal meningitis”, “ Haemophilus 
influenzae meningitis”, “ Streptococcus pneumoniae ” , “ Neis- 
seria meningitidis”, “ Haemophilus influenzae”, “ Nosocomial 
meningitis”, “duration of treatment”. 

Treatment duration for bacterial meningitis rather relies on 
prescriber habits than on reliable clinical trial. Two guide- 
lines (Northern American and French ones) suggest specific 
treatment durations. A few clinical trials have been conducted 
after the publication of these guidelines, and thus fine-tune the 


Table 7 o 

C\ 

References - primary uncomplicated bacteremia. 

Bibliographie - bacteriemies primaires non compliquees. 


Reference 

Infection 

Method 

Study 

treatment 

Comparator 

Sample size 

Results 

Comments 

Corona 2004 
[67]/Corona 

2006 [68] 

Corey 2009 [66] 

Community-acquired 
bacteremia + 

healthcare-associated 

bacteremia 

Intensive care 

Exclusion of IE and bone 
and joint infections 

Bacteremia in 

immunocompetent 

patients 

Prospective (6 months in 
2000), observational, 
monocentric study 

Literature review 

< 5 days 

> 5 days 

102 bacteremia 
episodes, 84 
patients 

Only descriptive: short 
treatment for 78 patients 
(73.5%): 57% of 
community-acquired 
bacteremia, 79% of 
hospital-acquired 
bacteremia, and 80% of 
intensive care-acquired 
bacteremia 

No outcome analysis 
Miscellaneous 

Havey 2011 [70] 

Intensive care 

Neonatology, urinary tract 
infection, intra-abdominal 
infection, pneumonitis 

All bacteria 

Systematic literature 
review + meta-analysis 
(24 controlled studies 
1947-2010, 7 included in 
the analysis, only 1 study 
focused on neonatal 
bacteremia) 

5 to 7 days 

7 to 2 1 days 

155 bacteremia 
patients (7 studies) 

28 patients treated 
with a “short 

treatment” 

32 patients treated 
with a “long-term 
treatment” 

No significant differences 
(clinical recovery, 
microbiological recovery, 
and mortality) 

Very little data on the specific 
item “bacteremia” 

Treatment duration could 
only be assessed in 60 
patients 

Numerous pediatric data 
Highly miscellaneous 

Short treatment < 7 days 

Chong 2013 [65] 

Uncomplicated S. aureus 
bacteremia 

Prospective cohort — 
observational and 

monocentric - Korea 

2008-2010 

< 14 days 

> 14 days 

1 1 1 (38/73) 

At 12 weeks: 
no significant differences 
in terms of treatment 
failure (26.3% vs. 21.9%) 
or mortality (18.4% vs. 
21.9%) 

More relapses in the 
“short treatment” group 
(7.9% vs. 0, P = 0.04) 

47.7% MRSA 

46.9% + 27.9% 
catheter-related bacteremia 
(central, peripheral) 

Treatment duration does not 

include oral antibiotics 

No explanation of treatment 
duration above 14 days 

Park 2014 [71] 

Uncomplicated 

bacteremia 

Gram-negative bacilli 
Children 

Retrospective and 
monocentric, 2002-2012 
(propensity score analysis 
and then logistical 
regression) 

7 to 10 days 

>10 days 

183/501 

Logistical 

regression 

170/170 

No significant differences 
in terms of 

microbiological relapse 

Median duration of short 
treatment =10 days 

2/3 CRBs: bias = absence of 
catheter removal or catheter 

removal 

11% of P aeruginosa 

De Santis 2015 

[69] 

Community-acquired 
bacteremia + 

healthcare-associated 

bacteremia 

Intensive care 

Exclusion of IE and bone 
and joint infections 

Retrospective: 2000 
(above-mentioned study) 
vs. 2013 (6 months of 
retrospective data 
collection) comparison 

< 5 days 

> 5 days 

113 bacteremia 
episodes, 87 
patients 

Short treatment for 65.7% 

Descriptive, no outcome 
analysis 

Miscellaneous 


IE: infective endocarditis; CRB: central venous catheter-related bacteremia; MRS A: methicillin-resistant Staphylococcus aureus. 


C. Wintenberger et al. /Medecine et maladies infectieuses 47 (2017) 92-141 


C. Wintenberger et al. / Medecine et maladies infectieuses 47 (2017) 92-141 


107 


Table 8 

Treatment durations - infective endocarditis and pacemaker- and implantable cardioverter defibrillator-related infections. 
Durees de traitement - endocardites infectieuses et infections sur pacemakers et defibrillateurs. 


Type of infection 

Duration of 

Short treatment 

Target population for 

Evidence required for 

Comments 


conventional 


a short treatment 

a short treatment 



treatment 





Infective endocarditis 



Absence of secondary 
infectious localization 
requiring a longer 
treatment 

Absence of surgical 
indication 



Native valve 






Streptococci 

4 weeks of 

2 weeks of 

Oral Streptococcus 

Randomized study 

Increased toxicity 


(3-lactam alone 

(3-lactam + 

susceptible to 

(1995) 

with aminoglycosides 



gentamicin 

amoxicillin 



Enterococci 

4 to 6 weeks of 

4 weeks of 


Expert advice: no data 

Alternative: 


amoxicillin 

amoxicillin 


4 vs. 6 weeks 

amoxicillin + 


+ 

+ 


aminoglycoside 

ceftriaxone for 6 


2 to 4 weeks 

2 weeks of 


duration: retrospective 

weeks 


of gentamicin 

gentamicin 


(cohorts) (2002 and 

2013) 


MSSA 

4 to 6 weeks of 

4 weeks of 


Expert advice: no data 



penicillin M 

penicillin M 


4 vs. 6 weeks of 
penicillin M 

No clinical data 
supporting the use of 
aminoglycosides 




2 weeks of 

Uncomplicated 

Randomized studies 




penicillin M alone 

right- sided IE 

(1994 and 1996) 


Prosthetic valves 

Pacemaker and 

6 weeks 



Expert advice 

Biofilm 

implantable 

cardioverter 

defibrillator-related 

bacteremia 

6 weeks 

1 week after PM 

In the absence of 

Low (miscellaneous 




or ICD removal, 

prosthetic valve IE 

studies, case series) 




except for 

and removed PM or 





S. aureus 

bacteremia: 2 

weeks. 

ICD 




> 6 weeks, or even 
treatment that 
only keeps 
symptoms at bay 

6 weeks 

If no device removal 

Low (case series) 



IE: infective endocarditis; PM: pacemaker; ICD: implantable cardioverter defibrillator; MSSA: methicillin-sensitive Staphylococcus aureus. 


suggestions. However, treatment duration must be tailored to the 
clinical presentation of each patient. 

8.1. IDSA guidelines [91 ] 

Treatment durations by causative agents are presented in 
Table 10 (A-III). 

The recommended treatment duration in newborns is two 
weeks following the first lumbar puncture with sterile cere- 
brospinal fluid (CSF) or three weeks overall. 

8.2. SPILF guidelines [92 ] 

Treatment durations recommended by causative agents are 
presented in Table 10. 


In the absence of microbiological documentation and if the 
bacterial meningitis diagnosis is still suspected (absence of alter- 
native diagnosis; suggestive symptoms), the initial antibiotic 
therapy is continued for 14 days if the outcome is favorable. 

8.3. Clinical trials 

Clinical trials (Table 11) considered for drafting the guide- 
lines on Neisseria meningitidis meningitis have been performed 
in low-income endemic countries during N. meningitidis epi- 
demics. Considering these specific conditions, a 1 to 3-day 
treatment with ceftriaxone seemed possible 1 93,94]. A few stud- 
ies, performed under similar circumstances after the publication 
of these guidelines, support the possibility of short treatments, 
but do not recommend using single-dose regimens. 


Table 9 

References - infective endocarditis - pacemaker- and implantable cardioverter defibrillator-related infections. 
Bibliographie - endocardites infectieuses - infections de pacemakers et defibrillateurs. 


Reference 

Infection 

Method 

Study treatment 

Habib 2009 [73] 

IE 

European guidelines 


Habib 2015 [74] 

IE 

European guidelines 


Nishimura 2014 [75] 

IE 

American guidelines on 
valvular diseases 


Hoen 2013 [85] 

IE 

2013 NEJM (updated) 


Sandoe JAC 2015 [84] 

PM infections 

British guidelines 


Dahl 2013 [78] 

Left-sided IE caused 

Before-after (2002-201 1 ; 

Gentamicin, 2 


by E. faecalis (low 

2007 = new guidelines), 

weeks 


level of resistance to 

monocentric study 

(3-lactam, idem 


aminoglycosides) 

(Denmark) 


Leibovici 2010 [83] 

MSS A bacteremia (1) 

Literature review + 


Based on Sexton 1998 

or IE (3, including 2 

meta-analysis (4 


[86] , Ribera 1996 [80], 
Korzeniowski 1982 

[87] , Abrams 1979 

[88] , and Coppens 

1983 [89] 

in IVDU) 

randomized studies) 


Ribeira 1996 [80] 

MSS A right-sided IE 

Randomized, controlled, 

14-day cloxacillin 



open-label, multicenter 
study 

monotherapy 

Abrams 1979 [88] 

S. aureus right-sided 

Randomized, controlled, 

Penicillin or 


IE 

open-label study 

cephalosporin 
monotherapy for 4 
weeks 

Korzeniowski 1982 [87] 

S. aureus right-sided 

Randomized, controlled, 

Nafcillin 


and left-sided IE 

open-label study 

monotherapy for 6 


Comparator 


Sample size 


Results 


Comments 


Gentamicin, 4 to 6 

41 patients before 

No significant 

No data on (3-lactam 

weeks 

(3-lactam, idem 

2007 vs. 43 after 

differences 

treatment 


Dual combination 

90 (45/45) 

No significant 

90% HIV+ 

therapy with 

intent-to-treat 

differences in 


cloxacillin (14 

patients 

terms of mortality 


days) + 
gentamicin (7 
days) 

74 (38/36) 
observations that 

could be assessed 

and recovery 


Dual combination 

25 (12/13) patients 

No significant 

100% recovery in 

therapy with 


differences in 

patients who did not 

penicillin or 


terms of mortality 

undergo surgery 

cephalosporin for 

4 weeks + 
gentamicin for 2 
weeks 


and recovery 

No nephrotoxicity 
data 

Dual combination 

90 IVDU + 60 

No significant 


therapy with 

intent-to-treat 

differences in 


nafcillin (6 weeks) 

non-IVDU 

terms of mortality 


+ gentamicin (2 
weeks) 

patients, 

48 (24/24) IVDU 
+ 30(11/19) 
non-IVDU that 

could be assessed 

and recovery 



C. Wintenberger et al. /Medecine et maladies infectieuses 47 (2017) 92-141 


Table 9 ( Continued ) 


Reference 

Infection 

Method 

Study treatment 

Comparator 

Sample size 

Results 

Comments 

Sexton 1998 [86] 

S. viridans or S. bovis 

Randomized, controlled, 

Ceftriaxone 

Dual combination 

51 (26/25) patients 

No differences in 



left-sided IE 

open-label, multicenter 

monotherapy for 4 

therapy with 


terms of recovery, 




study 

weeks 

ceftriaxone 


mortality, and 






(4 weeks) + 
gentamicin 
(2 weeks) 


relapse 


Falagas 2006 [82] 


Literature review + 





Based on 3 

Based on Sexton 1998 


meta-analysis (4 





randomized studies 

[86], Ribera 1996 [80], 


randomized studies + 1 





that were already 

Korzeniowski 1992 


comparative prospective 





included in 

[87], Abrams 1979 


study) 





Leibovici’s literature 

[88], Rajashekaraiah 







review + 2 other 

1980 [90] 

Rajashekaraiah 1980 [90] 

S. aureus left-sided 

Comparative and 

(3-lactam 

Dual combination 

33 patients (12/21) 

No differences in 

studies 


and right-sided IE 

prospective study 

monotherapy for 4 

therapy with 


terms of mortality 





to 6 weeks 

(3-lactam (4 to 6 
weeks) + 

aminoglycoside (7 
days) 




Olaison CID 2002 [77] 

Enterococcal IE 

Prospective cohort study 



93 patients 

Median treatment 

Mortality 16%, 



1995-1999, Norway 




duration in 
patients who have 
been cured: 

B -lactam (42 
days), 

aminoglycosides 
(15 days) 

relapse 3% 

Francioli 1995 [79] 

Oral streptococci 

Open-label multicenter 

Ceftriaxone 2 g + 

No comparator 

48 patients 

42 cured, 5 deaths 

4 renal adverse 



study 

netilmicin 

(open-label study) 


(without any 

effects, 1 hearing 




4 mg/kg/day, 2 



active infection), 1 

adverse effect 




weeks 



relapse 


DiNubile 1994 [81] 

Right- sided IE in 

Literature review of 3 







IVDU patients 

non-randomized 







(MSSA) 

prospective studies 







IE: infective endocarditis; MSSA: methicillin- sensitive Staphylococcus aureus ; IVDU: intravenous drug users; HIV: human immunodeficiency virus; PM: pacemaker. 
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Table 10 

Treatment durations recommended by the IDSA - bacterial meningitis. 
Durees de traitement recommandees par I’ IDSA - meningites bacteriennes. 


Causative agent 

Treatment 

duration 

recommended by 
the IDSA 

Treatment 

duration 

recommended by 
the SPILF 

Neisseria meningitidis 

7 days 

4 to 7 days a 

Haemophilus influenzae 

7 days 

7 days 

Streptococcus pneumoniae 

10-14 days 

10 to 14 days b 

Streptococcus agalactiae 

14-21 days 

14 to 21 days 

Listeria monocytogenes 

21 days 

21 days 

Gram-negative aerobic bacilli 

21 days 

- 

Escherichia coli 

- 

21 days 


a 4 days with a rapidly favorable outcome. 

b Independently from penicillin MIC. Reducing treatment to 10 days may 
be possible with a rapidly favorable outcome (within the first 48 hours) and 
with S. pneumoniae strains susceptible to the 3rd-generation cephalosporin used 
(MIC <0.5 mg/1). 

A meta-analysis of five comparative studies concluded to 
the equivalence of treatment regimens of 4-7 days and 7-14 
days, but the authors could not stratify the results by causative 
agent [95 1 . A pediatric clinical trial compared the administration 
of ceftriaxone for 5 vs. 10 days. The authors observed similar 
results in both treatment groups [96]. 

A short treatment (3 to 5 days) for meningococcal bacte- 
rial meningitis therefore seems possible as long as the early 
clinical outcome is favorable. We are, however, lacking data on 
other bacteria responsible for bacterial meningitis, even though 
we may observe a similar trend in recommending shorter treat- 
ment durations (7 days for pneumococcal meningitis in case of 
favorable outcome). 

9. Intra-abdominal infections (IAI) 


Suggested treatment durations: 

• <24 hours: 

o digestive perforation, with surgery, 
o non-perforated appendicitis, with surgery, 
o uncomplicated cholecystitis, with surgery 
performed within 24 hours; 

• 3 days: 

o localized community-acquired peritonitis, 
with surgery or drainage, 
o angiocholitis, with drainage, 
o acute diarrhea requiring antibiotic therapy; 

• 4 days: generalized community-acquired peri- 
tonitis, with surgery or drainage 1 ; 


1 Infection source control. 


• 5 days: 

o community-acquired ascitic fluid infection, 
o typhoid fever (if azithromycin); 

• 8 days: 

o postoperative peritonitis if the empirical 
antibiotic therapy is active against bacteria 
isolated during the procedure; 

• 10 days: toxin-secreting Clostridium difficile 
infection. 


Method.- Source: IDSA guidelines on the management of 
intra-abdominal infections (IAI) [97], French Formal Expert 
Guidelines [98], and literature analysis on PubMed from 2011 
to 2015. 

When these guidelines did not discuss specific infections, we 
looked for expert recommendations or literature reviews. 

The antibiotic therapy duration recommended by scientific 
societies in specific situations (digestive perforation, localized 
community-acquired peritonitis, etc.) is short and no range of 
treatment duration is advised [97,98]. A short treatment may be 
suggested in other situations provided the infection source is ade- 
quately controlled. The importance of drainage in IAIs should 
thus be stressed (surgical or percutaneous). Guidelines cannot 
be issued for some IAIs as relevant data is lacking (healthcare- 
associated IAIs) or because of the uncommon nature of the 
infection (liver abscesses). 

It should also be reminded that in case of an IAI negative 
outcome, looking for complications is wiser than pointlessly 
continuing the antibiotic therapy as it has been shown that [99] 
a prolonged antibiotic therapy is associated with an increased 
risk of extra-abdominal infections and with an excessive case 
fatality. 

9.1. Infections requiring a short antibiotic therapy 
(< 24 hours) 

If the infection source is controlled [97]: 

• perforation and proximal gastrojejunal wound, colonic perfo- 
ration following colonoscopy (in case of colon preparation) 
if the infection source is controlled within 24 hours; 

• acute appendicitis with surgery and without any perfora- 
tion/abscess/localized peritonitis. 

9.2. Localized community-acquired peritonitis: < 3 days if 
the infection source is controlled 

The duration suggested by the most recent French For- 
mal Expert Guidelines [98] is 2 to 3 days. The authors of a 
randomized study [100] showed that, for surgical patients pre- 
senting with localized peritonitis whose condition improved on 
Day 3 (based on three criteria: fever, leukocytosis, and ileus), 
the recovery rate was similar for patients discontinuing the 
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Table 11 

References - bacterial meningitis. 
Bibliographie - meningites bacteriennes. 


Reference 

Method 

Treatment group 1 

Treatment group 2 

Conclusion Bias 

Comments 

Molyneux E et al. 
2011 [96] 

Double-blind, 
multinational, 
randomized study 
Children aged 2 
months to 12 years 

Ceftriaxone 5 days 
496 patients 

Ceftriaxone 10 
days 

508 patients 

2 relapses in group 

1 (1 HIV-infected 
patient), 0 relapse 
in group 2 

0 bacteriological 

Common 

pathogens 


failure 
If favorable 
clinical outcome, 
discontinue 
treatment on Day 
5 


Karageorgopoulos DE 

Meta-analysis of 5 

4-7 days 

7-14 days 

No differences in 


Impossible to 

et al., 2009 [95] 

pediatric 

randomized 

studies 

Children aged 3 
weeks to 16 years 

Ceftriaxone 

ceftriaxone 

terms of mortality, 
immediate 
sequelae, side 
effects 


stratify by bacteria 

Nathan N et al. 2005 

Randomized 

Ceftriaxone 1 dose 

Chloramphenicol 

9% of relapses in 


No treatment 

[93] 

Niger 

15% of adults 

N. meningitidis in 
95% of cases 

« = 255 

oil suspension, 
extended release 

rc = 255 

both groups, 5% 
and 6% mortality 


duration 

comparison 

Briggs S et al. 2004 
[94] 

Retrospective 

90 patients 
included, 
including 72 
confirmed cases of 

N. meningitidis 
and 18 probable 

cases 

Benzylpenicillin 3 
days 

No treatment 

Mortality: 7% 

No comparison 

The authors 
believe that 3 days 
of ceftriaxone are 
enough 


antibiotic therapy on Day 3 and patients continuing it for longer 
than five days. 

9.3. Generalized community-acquired peritonitis: 4 days if 
the infection source is controlled 

French [98] and Northern American guidelines [97] suggest 
treatment durations ranging from 5 to 7 days and from 4 to 7 days, 
respectively. Treatment duration is usually determined based on 
the improvement of composite criteria (temperature < 38 °C for 
more than 48 hours, decreased leukocytosis, ileus regression). 
The analysis of various studies (Table 12), and especially of 
the recent study conducted by Sawyer [101], shows that a fixed 
4-day postoperative antibiotic therapy is not associated with neg- 
ative clinical consequences (mortality, surgical site infection, 
and relapse) compared with a treatment duration determined 
based on the improvement of these criteria. A fixed treatment 
duration also allows for the significant reduction in antibiotic 
therapy durations (median of 4 vs. 8 days). 

9.4. Nosocomial or healthcare-associated peritonitis 

The range of treatment durations suggested by the French 
Formal Expert Guidelines is particularly broad: 5 to 15 days 
[98] as there was, at the time, no study comparing various 


antibiotic therapy durations. Guidelines mention that the infec- 
tion source control, the absence of complication following 
successful drainage, and the favorable outcome of the composite 
criteria described earlier could lead to reducing antibiotic ther- 
apy to 5 days. The results of a French study of ICU-hospitalized 
patients presenting with postoperative peritonitis, released after 
the publication of the guidelines, showed that an 8-day treatment 
was similar to a 15-day treatment in terms of clinical response, 
if the initial empirical antibiotic therapy was active against the 
bacteria isolated during the procedure [102], 

9.5. Diverticulitis 

9.5.1. Uncomplicated diverticulitis: no need for an 
antibiotic therapy 

The benefit of the antibiotic therapy is disputed [103-105], 
Findings from a randomized study [106] do not show any bene- 
fit of the antibiotic therapy in terms of complication reduction, 
length of hospital stay, and 1-year relapse. A CT scan must be 
performed to differentiate an uncomplicated diverticulitis from 
a complicated one (criteria described by Ambrosetti [ 107]). 

9.5.2. Complicated diverticulitis with surgery 

Please refer to “community-acquired peritonitis”. 


Table 12 

Reference - intra- abdominal infections (IAI). 
Bibliographic - infections intra-abdominales (IIA). 


Reference 


Infection 


Method 


Treatment group 1 


Treatment group 2 n 


Results 


Statistics 


Comments 


Sawyer RG 2015 

Complicated 

Multicenter, 

Control group (C) 

Experimental 

[101] 

IAI with 

randomized 

Antibiotic therapy duration: 2 

group (E) 


infection 

study 

days after fever, leukocytosis, 

Antibiotic therapy 


source control 


and ileus resolution 

duration: 4 d= 1 




Maximum 10 days 

days 


Riccio LM 2014 

All IAIs 

Monocentric 

Extra-abdominal infection 

No 

[99] 


retrospective 


extra-abdominal 



study 

1:2 matching 
on Apache II 


infection 


Basoli A 2008 

Localized 

Randomized 

> 5 days 

3 days 

[100] 

peritonitis 

multicenter 




with surgery 

double-blind 

study 

Ertapenem 
Inclusion at 

D3 if fever, 
leukocyte 
count, and 
ileus have 
improved 




257/260 

C: 21.8% vs. E: 

No differences 

Main composite 


22.3% (P = 0.92) 

between both groups 

criterion at 30 days: 


Duration: 8 days (C) 

with regard to the 

SSI, relapse, mortality 


vs. 4 days (E) 

composite criterion 

Only for IAIs with 


(P<0.001) 


infection source 


Secondary criteria: 


control (surgical or 


microbiological 


percutaneous 


relapse or MDRB SSI 


drainage: 33% in both 


3.5% vs. 2.3% 


groups) 


(P = 0.62) 


Few immunodeficient 
patients 

Apache II score of 10: 
mild patients 
Non-compliance with 
protocol: 28% of the 

C group vs. 18% of 
the E group (P = 0.02) 

469/938 

Median antibiotic 

Antibiotic therapy 

57% of 


therapy duration: 14 

duration: P<0.01 

community-acquired 


vs. 1 1 days (P<0.01) 

Mortality: P<0.01 

IAIs 


Mortality: 14.9% vs. 

Logistical regression: 

Retrospective 


9% (PcO.Ol) 

antibiotic therapy 
duration - 
independent 
predictive factor for 
extra-abdominal 
infection (P< 0.001) 

Monocentric 

48/42 

89.6% vs. 92.9% 

No differences 

Main criterion: 



between both groups 

clinical recovery at 


W2 and W4 
Mean Apache II score 
of 6.2: mild patients 
Limited to patients 
whose condition 
improved at D3 
Localized peritonitis 
(50% of appendicitis 
cases) with surgery 
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Reference 

Infection 

Method 

Montravers P 

Postoperative 

Multicenter 

2016 [102] 

peritonitis 

randomized 


following 

(ratio 1/1) 


infection 

open-label 


source control 

study 
Empirical 
antibiotic 
therapy 
tailored to 

isolated 

bacteria 


Chabok A 2012 

Uncomplicated 

Randomized 

[106] 

diverticulitis 

study 


Schug-Pass C 

Uncomplicated 

Randomized 

2010 [128] 

diverticulitis 

multicenter 

study 


Alonso S 2010 

Uncomplicated 

Non- 

[129] 

diverticulitis 

randomized 



study 

Hjern F 2007 

Hospitalized 

Monocentric 

[130] 

diverticulitis 

retrospective 


without 

study 


surgery 



Treatment group 1 Treatment group 2 

Treatment: 15 days Treatment: 8 days 


IV and then oral antibiotic No antibiotic 
therapy for at least 7 days therapy 


Ertapenem 4 days Ertapenem 7 days 


Oral amox-clav or oral 
ciprofloxacin/ metronidazole , 

7 days 

IV and then oral antibiotic No antibiotic 

therapy therapy 

Duration: 10-14 days 


Results 


Statistics 


Comments 


116/120 


Days without 
antibiotics at D28: 15 
vs. 12 (P = 0.001) 
Mortality: 10.3% vs. 
6.7% (P = 0.3) 

New procedure at 
D28: 20% vs. 21% 

(P = 0.84) 

Length of stay in the 
ICU: 12 vs. 13 days 
(P = 0.3) 

Hospital length of 
stay: 30 vs. 30.5 days 
(P = 0.94) 

MDRB emergence 
(clinical and 
colonization) at D45 : 
55% vs. 58% 


No differences in 
terms of outcome and 
complication 
occurrence between 
both groups 


(P = 0.35) 


314/309 

Similar rate of 

No differences 


hospital readmission 

between both groups 


for relapse at 1 year: 

Same complication 


16% (P = 0.881) 

rates during hospital 
stay (1.9% vs. 1.0%; 

P = 0.302). Hospital 
length of stay: median 
of 3 days in both 
groups 

106 

Full recovery at 1 

No differences 


month: 94.0% vs. 

between both groups 


96.2% 

Shorter hospital 
length of stay: 

7.8 ± 2.8 versus 

9.7 ± 3.2 days; 

P = 0.002 

70 

Improvement at D4 
and D7: 97% 


118/193 

Treatment failure: 3 

No differences 


(3%) vs. 7 (4%) 

Mean follow-up of 30 
months: relapse or 
surgery (33 [29%] vs. 
53 [28%], P = 0.97) 

between both groups 


Empirical antibiotic 
therapy tailored to the 
bacteria isolated 
during surgery 
Severe ICU patients 
(SAPS II 45) 


Ertapenem study 


Outpatient treatment 
possible for 70/96 
(73%) 

Retrospective 
Non-comparable 
groups: higher 
proportion of severe 
signs in the antibiotic 
therapy group 


UJ 
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Reference 

Infection 

Method 

Treatment group 1 

Treatment group 2 

Runyon BA 1991 

[108] 

Ascitic fluid 

infection 

(AFI) 

Randomized 

monocentric 

study 

Cefotaxime 5 days 

Cefotaxime 10 
days 

Regimbeau JM 
2014 [113] 

Acute 

calculous 
cholecystitis, 
with surgery 

Randomized 

multicenter 

study 

Amox-clav before and during 
surgery 

Amox-clav before, 
during, and after 
surgery: 5 days 

Mazeh H 

2012 [116] 

Hospitalized 

acute 

calculous 

cholecystitis, 

without 

surgery 

Randomized 

monocentric 

study 

Amox-clav until hospital 
discharge 

No antibiotic 
therapy 

Lau WY 

1990 [114] 

Acute 

calculous 
cholecystitis, 
with surgery 

Randomized 

monocentric 

study 

Cefamandole before surgery, 
and then at H6 and H12 

Cefamandole 
before surgery, 
and then for 7 
days after surgery 

Van Lent A 

2002 [118] 

Cholangitis 
with ERCP 
drainage 

Monocentric 

retrospective 

study 

Post-ERCP antibiotic therapy 

- 


Results 


Statistics 


Comments 


43/47 

Attributable mortality 
(0% vs. 4.3%), 
hospital mortality 
(32.6% vs. 42.5%), 
microbiological 
eradication (93.1% vs. 
91.2%), 

relapse/recurrence of 
AFI (11.6% vs. 

12.8%) 

No differences 
between both groups 

1991 study 

207/207 

SSIs and other 

No differences 

Grade I or II calculous 


postoperative 
infections at 4 weeks: 
35(17%) vs. 31 (15%) 
Similar rates of 
complication 
following surgery 

between both groups 

cholecystitis, <5 -day 
history, with surgery 

42/42 

Similar hospital stay 

No differences 

Only grade I 


(3.8 vs. 3.9 days; 

P = 0.89) 

Similar rates of 
percutaneous drainage 
(5 vs. 12%, P = 0.43) 
and readmission to 
hospital (13 vs. 19%, 

P = 0.73) 

Delayed surgery: 62% 
vs. 86% (P = 0.02) 

between both groups 

calculous cholecystitis 
Non-antibiotic 
therapy group: 
strategy failure (8/42; 
19%) 

100/103 

SSI 7% vs. 5.8% 

Higher rate of 

No obstacle on the 


Infusion-related 

complications with 

main biliary pathway 


thrombophlebitis: 6% 
vs. 16.5% (P<0.05) 
Hospital length of 
stay: 7.2 vs. 8.9 days 
(P<0.05) 

long-term treatment 

before surgery 
Outcome assessment 
< 7 days 

80 

Median antibiotic 

No differences 

46% of bacteremia 


therapy duration: 3 
days 

Relapse unrelated to 
treatment duration 
(11/41 if < 3 days, 

4/19 if 3-5 days, 4/20 
if > 5 days) 

No complication 
post-ERCP 

between the 3 groups 

cases 

Successful ERCP 
during procedure 
(endoscopic 
observation) 

Sclerosing cholangitis 
and liver transplant 
were excluded 
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Reference 

Infection 

Method 

Treatment group 1 

Treatment group 2 

n 

Results 

Statistics 

Comments 

Kogure H, 201 1 
[117] 

Cholangitis 
with ERCP 
drainage 

Monocentric 

prospective 

study 

Antibiotic therapy 
discontinuation following 
ERCP in the absence of fever 


18 

Median apyrexia: 2 
days (1-6) 

Median antibiotic 
therapy duration: 3 
days (2-7) 

No relapse in the 3 
days following 
antibiotic therapy 
discontinuation 

33% of bacteremia cases 

Many exclusion criteria 
(sclerosing cholangitis, 
chemotherapy, severity, etc.) 

20 included (2 non-evaluable) 
out of 1 17 assessed for 
eligibility 

BennishLM, 1992 

[122] 

Shigellosis 

Randomized 

monocentric 

study 

Ciprofloxacin 1 or 2 doses 

Ciprofloxacin 5 
days 

40/43/35 

Clinical failure: 4/40 
vs. 2/43 vs. 0/35 
(P = 0.12 and >0.2) 

No differences 
between the 3 groups 

Treatment failures were more 
frequent with type 1 Shigella 
dysenteriae and with the 
single-dose treatment vs. 

5 -day treatment (4/10 vs. 

0/15, P = 0.017) 

DuPont HL, 1992 

[120] 

Travelers’ 

diarrhea 

Randomized 

monocentric 

study 

Ofloxacin 3 days 

Ofloxacin 5 days 

81/66 

Clinical failure 77/81 
(95%) vs. 59/66 
(89%) 

No differences 
between both groups, 
efficacy > placebo 
(56/79, 71%; 

P = 0.0001) 


Gotuzzo E 1989 
[131] 

Shigellosis 

Randomized 

monocentric 

study 

Co-trimoxazole 5 days 

Norfloxacin 

single-dose 

26/29 

Disease duration: 2.5 
days vs. 2 days 
(P = 0.200) 

No differences 
between both groups 

Similar microbiological 
failure: 1/24 vs. 0/25 

Tribble DR 2007 

[121] 

Travelers’ 

diarrhea 

Bicentric 

randomized 

study 

Azithromycin 1 dose 

Azithromycin 3 
days or 
levofloxacin 3 
days 

52/51/53 

Clinical recovery at 

D3: 96% vs. 85% vs. 
70% 

No differences 

between the 
single-dose of 
azithromycin vs. the 

3 -day treatment but 
superior to 
levofloxacin 
(P = 0.01) 

Predominance of 

Campylobacter spp. (64%). 
Microbiological eradication: 

96% vs. 100% vs. 38% 

(P = 0.01) 

Chinh NT 2000 
[124] 

Typhoid fever 

Randomized 

monocentric 

study 

Ofloxacin 5 days 

Azithromycin 5 
days 

44/44 

Clinical recovery at 
the end of treatment: 

86.4% vs. 95.5% 

No differences 
between both groups 

Complicated presentations 
were excluded 

Longer time to apyrexia in 
the ofloxacin group 

Higher microbiological 
eradication with azithromycin 
for nalidixic acid-resistant 

strains 

Frenck RW 2004 
[125] 

Typhoid fever 

Randomized 

monocentric 

study 

Ceftriaxone 5 days 

Azithromycin 5 
days 

36/32 

Clinical recovery at 

D7 (97 vs. 94%) and 
at D30 (81 vs. 100%) 

No difference 
between both groups 

Complicated presentations 
were excluded 

Lower rate of bacteremia 

clearance at D3 with 
azithromycin (62 vs. 100%, 
PcO.001) 

More relapses with 
ceftriaxone (0 vs. 14%, 

P<0.05) 


IAI: intra- abdominal infection; SSI: surgical site infection; MDRB: multidrug-resistant bacteria; SAPS: simplified acute physiology score; amox-clav: amoxicillin-clavulanic acid; ERCP: endoscopic retrograde 
cholangiopancreatography; ICU: intensive care unit; IV: intravenous. 
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9.5.3. Complicated diverticulitis without surgery 

We cannot recommend treatment durations as literature data 
is lacking. This type of diverticulitis is quite common and physi- 
cians often prescribe prolonged antibiotic therapies (15 days). 
A study comparing 7 vs. 15 days of treatment would be needed 
to validate a short treatment duration. 

9.6. Ascitic fluid infection in cirrhosis patients: 5 days if 
community-acquired infection and antibiotic therapy with 
cefotaxime 

A former study [108] evaluating cefotaxime showed that a 5- 
day treatment was not inferior to a 10-day treatment in terms of 
mortality, microbiological eradication, and relapse. This treat- 
ment duration is also recommended by experts [109-112], 
However, the evolution of microbial epidemiology over the past 
20 years must lead to new clinical trials aiming at validating 
treatment choices and durations. 

Antibiotic therapy effectiveness must be reassessed with a 
new microbiological evaluation performed at 48 hours. 

9.7. Cholangitis, cholecystitis 

9. 7. 1. Mild cholecystitis with early surgery (<72 hours): 

< 24 hours of antibiotic therapy 

The authors of a convincing study showed that antibiotics 
administered during surgery were equivalent to a 5-day postop- 
erative treatment [113]. These results support those reported in 
Lau’s study [ 1 14], 

9. 7.2. Cholecystitis without surgery 

The 1DSA [97] does not recommend any specific treatment 
duration, but antibiotics are always indicated, except for grade 
I cholecystitis [115]. Indeed, results from a randomized study 
of patients presenting with grade I cholecystitis who did not 
undergo surgery did not show the benefit of the antibiotic ther- 
apy [116]. Except for grade I cholecystitis, the absence of studies 
prevents us from suggesting a specific treatment duration. Con- 
sidering the high frequency of this infection, a study comparing 
two antibiotic therapy durations would be needed. 

9.7.3. Cholangitis: 3 -day antibiotic therapy in case of 
successful drainage 

Treatment relies on biliary drainage. Its efficacy is confirmed 
by endoscopy and by the absence of fever; following drainage, 
the antibiotic therapy can thus be reduced to 3 days (no ben- 
efit with a duration >3 days, including in case of associated 
bacteremia) [117]. This short treatment duration has not been 
assessed in patients presenting with primary sclerosing cholan- 
gitis nor has it been studied in liver transplant recipients [118]. 

9.8. Acute diarrhea: 3-day treatment duration 

When antibiotic therapy is indicated, the suggested treatment 
duration ranges from 3 to 5 days [119]. However, findings from 
a study of patients presenting with travelers’ diarrhea - half 
of which were confirmed by stool cultures (mainly Shigella 


and enterotoxigenic Escherichia coli) - showed that a 3-day 
treatment with fluoroquinolones was as effective as a 5-day treat- 
ment. [120]. A single-dose azithromycin treatment also proved 
equivalent to a 3-day treatment, and this agent demonstrated 
its superiority versus 3 days of levofloxacin in patients trav- 
eling back from Thailand and presenting with diarrhea (64% 
of Campylobacter) [121], The inferiority of the single-dose 
ciprofloxacin treatment must, however, be highlighted compared 
with a 5 -day treatment in S. dy sente riae serotype 1 infection 
[122]. 

9.9. Typhoid fever 

Treatment duration for typhoid fever ranges from 3 to 14 days 
depending on the agent used [123], No comparison of treatment 
durations of a single agent has been performed. The authors of 
a study showed the efficacy of ofloxacin when administered for 
5 days [124], but the emergence of resistance observed in sev- 
eral countries now restricts the use of this agent. Most experts 
thus recommend a 7-day treatment. More recently, a 5-day treat- 
ment with azithromycin has proved as effective as comparators 
(ceftriaxone [125] or ofloxacin [123]). The administration of 
a 5-day azithromycin treatment is thus considered an alterna- 
tive, especially when confronted with fluoroquinolone resistance 
[126], 

9.10. Clostridium difficile infections: 10-day treatment 
duration 

This treatment duration is suggested in the latest European 
guidelines [127]. 

The main characteristics of study considered in this analysis 
are presented in Table 12. 

9.11. Conclusions 

Analyzing literature data helps in describing many of the 
infections mentioned above, for which one may suggest short 
treatments and prescribe treatment durations corresponding to 
the lower end of ranges mentioned in many guidelines. However, 
specific treatment durations cannot be suggested for chole- 
cystitis without surgery and complicated diverticulitis without 
surgery. Both infections are probably a frequent cause of antibi- 
otic misuse, and would justify the conduct of studies comparing 
two antibiotic therapy durations. 

10. Urinary tract infections 

Method.- Source: 2014 French guidelines on the manage- 
ment of community-acquired urinary tract infections [ 1 32], 20 1 5 
French guidelines on the management of healthcare-associated 
urinary tract infections [133], and American guidelines when 
available. The literature analysis conducted on PubMed from 
2014 to 2015 did not show any new data. 
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Suggested treatment durations: 

• 1 day (single-dose): acute uncomplicated cysti- 
tis (fosfomycin-trometamol); 

• 3 days: catheter-related acute cystitis; 

• 5 days: 

o acute uncomplicated cystitis (pivmecillinam 
or nitrofurantoin), 

o acute cystitis at risk of complications 
or healthcare-associated acute cystitis 
(co-trimoxazole or fluoroquinolones); 

• 7 days: 

o acute cystitis at risk of complications or 
healthcare-associated acute cystitis (antibi- 
otics other than co-trimoxazole or fluoro- 
quinolones), 

o acute pyelonephritis (fluoroquinolone or 
injectable beta-lactam); 

• 10 days: severe acute pyelonephritis and/or 
at risk of complications and/or healthcare- 
associated and/or antibiotics other than fluoro- 
quinolone or injectable beta-lactam; 

• 14 days: community-acquired or healthcare- 
associated male urinary tract infection (co- 
trimoxazole or fluoroquinolone). 


10.1. Cystitis 

10.1.1. Acute uncomplicated cystitis 

• Single-dose of fosfomycin-trometamol. 

• 5 days if pivmecillinam or nitrofurantoin. 


For pivmecillinam, the IDSA recommends 3 to 7 days of 
treatment for uncomplicated cystitis. Nicolle performed a study 
[134] in 2002 of female patients aged between 18 and 65 years 
presenting with acute uncomplicated cystitis, and observed that 
the clinical recovery rate on Day 4 and Day 1 1 for patients 
treated with pivmecillinam for 3 days (483 patients) was 95% 
and 82%, respectively. This short treatment therefore seems to 
be an interesting alternative. 

No study results are available to suggest a short treatment 
with nitrofurantoin. 

Co-trimoxazole and fluoroquinolones were recommended in 
the IDSA guidelines as they allow for 3 -day treatments. They 
are, however, not recommended in the French guidelines on 
the management of acute uncomplicated cystitis as they should 
be spared for more severe infections. Kavatha [135] and Gupta 
[136] performed studies including a total of 70 and 148 female 
patients, respectively. They respectively observed an efficacy 
rate of 100% and 90% with co-trimoxazole 160/800 mg, twice 
daily for 3 days. 


10.1.2. Cystitis at risk of complications 

• 5 days with co-trimoxazole or fluoroquinolone. 

• 7 days with other agents (amoxicillin, pivmecillinam, 
nitrofurantoin, combination of amoxicillin/clavulanic acid, 
cefixime). 

We are currently lacking study data supporting the use of 
shorter durations. 

10.1.3. Healthcare-associated cystitis 

• 3 days if symptoms improve following urinary catheter 
removal in female patients under 75 years of age and in the 
absence of frailty criteria. 

• 5 days with co-trimoxazole or fluoroquinolone. 

• 7 days with other agents (amoxicillin, pivmecillinam, 
nitrofurantoin, combination of amoxicillin/clavulanic acid, 
cefixime). 

However, the authors of a study performed in 1991 [137] 
observed a similar success rate with a single-dose of co- 
trimoxazole and with a 10-day treatment in female patients 
presenting with lower urinary tract infection following catheter 
removal. Results from this small sample size study (27 female 
patients) would need to be confirmed. 

For neurogenic bladder infections, asymptomatic urinary 
tract colonization and infection (no treatment required) need 
to be differentiated from symptomatic urinary tract infection, 
bearing in mind that these patients present with few symptoms. 

With regard to intermittent catheterization, Mohler et al. 
[138] observed that a microbiologically tailored 10-day antibi- 
otic therapy did not prove more effective than a 3-day treatment. 
Considering the small sample size (29 patients in each group) 
and the early publication of this work, this data would need to be 
confirmed. Dow performed a double -blind randomized placebo- 
controlled study in 2004 [139] and observed opposite results. 
The authors of this study evaluated catheter-associated urinary 
tract infections in paraplegic patients treated with ciprofloxacin 
for 3 or 14 days. Relapses were more frequent with the short 
treatment, and long-term sterilization was better in the long-term 
treatment group. It should, however, be noted that this study does 
not differentiate male from female urinary tract infections. 

10.2. Pyelonephritis 

The presence of bacteremia associated with urinary tract 
infection does not extend treatment duration. 

10.2.1. Acute uncomplicated pyelonephritis 

• 7 days with injectable beta-lactams or fluoroquinolones. 

• 10 to 14 days otherwise. 

• Treatment duration ranges from 5 to 7 days for 
aminoglycoside-based monotherapy. 

The 2010 IDSA guidelines [140] recommend using lev- 
ofloxacin 750 mg once daily for 5 days in female patients 
presenting with a mild infection. This recommendation is based 
on the study performed by Peterson et al. [141]. They compared 
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a 5-day single daily dose treatment with levofloxacin 750 mg 
versus ciprofloxacin treatment (IV 400 mg/oral 500 mg) twice 
daily for 10 days, and observed a similar efficacy on a large 
cohort of 1109 female patients. The study was, however, made 
of a mixed population of patients with 71.5% (782) of com- 
plicated urinary tract infection patients and only 28.5% (311) 
of pyelonephritis patients. Besides, a study conducted by Talan 
et al. showed that the ciprofloxacin single-dose was equivalent 
to a twice daily intake in this indication [142], 

10.2.2. Acute pyelonephritis at risk of complications and 
severe acute pyelonephritis 

• 10 to 14 days. Current guidelines suggest a 10- to 14-day 
treatment duration that should be modified on a case-by-case 
basis. No data is currently available to better define treatment 
duration. A longer treatment duration may be discussed for 
patients presenting with renal abscess for instance. 

10.2.3. Healthcare-associated pyelonephritis 

• 10 days. 

10.3. Male urinary tract infections 

• 14 days (minimum) with fluoroquinolone or co-trimoxazole 
or for healthcare-associated male urinary tract infections. 

• 2 1 days with any other agent or for uropathy or severe immun- 
odeficiency. 

Ulleryd et al. [143] observed that two weeks and four weeks 
of treatment with ciprofloxacin were equivalent in febrile male 
urinary tract infection. 

A randomized study (Prostashort) comparing two treatment 
durations (7 days versus 14 days) in non-nosocomial acute pro- 
statitis caused by susceptible bacteria to fluoroquinolones is 
currently ongoing in France. 

10.4. Studies to consider 

Recent guidelines on chronic prostatitis management are 
lacking. A study of acute uncomplicated cystitis evaluat- 
ing pivmecillinam for 3 days, or even nitrofurantoin, would 
be interesting. A study aiming to reduce treatment duration 
of symptomatic catheter-associated urinary tract infections in 
female patients over 75 years of age and/or presenting with 
frailty criteria would also be interesting. 

The main characteristics of studies considered in this analysis 
are presented in Table 13. 

11. Upper reproductive tract infections and sexually 
transmitted infections 

Method: 

• Guidelines: 

o Update. Empirical antibiotic therapy of uncomplicated ure- 
thritis and cervicitis, ANSM, October 2008 update [ 145], 


Suggested treatment durations: 

• single-dose: 

o urethritis and cervicitis (IM ceftriaxone 
500 mg + oral azithromycin 1 g); 

• 10 days: 

o uncomplicated upper reproductive tract 
infections (alternative: single-dose of IM 
ceftriaxone 500 mg + oral azithromycin 1 g, 
two intakes 7 days apart); 

• 14 days: 

o complicated upper reproductive tract infec- 
tions (tubo-ovarian abscess, pelviperitonitis). 


o French National Authority for Health (French acronym 
HAS). Uncomplicated urethritis and cervicitis: diagnostic 
and therapeutic strategies, 2015 [146], 
o 2015 CDC Guidelines: Sexually Transmitted Treatment 
Guidelines, 2015 [147], 

o 2012 Clinical Practice Guidelines of the French national 
association of gynecologists and obstetricians [148], 
o 2012 European guidelines: European guidelines for the 
management of pelvic inflammatory disease [149]; 

• PubMed search: 

o pelvic inflammatory disease and clinical review, 
o pelvic inflammatory disease and antibiotic therapy, 
o pelvic inflammatory disease and antibiotic and random- 
ized; 

• Definitions: guidelines approach the treatment of reproduc- 
tive tract infections distinguishing uncomplicated urethritis 
and cervicitis from upper reproductive tract infections 
(URTls), for which the following distinctions apply: 

o uncomplicated URTls: endometritis and salpingitis usually 
requiring an outpatient management, 
o complicated URTls: tubo-ovarian abscess, pelviperitonitis 
from pelvic origin. 

11.1. Guidelines 

The 2008 French guidelines on the management of ure- 
thritis and cervicitis, recently updated, and the 2015 update 
of the CDC (Center for Disease Control and Prevention) 
guidelines both favor the single-dose treatment combining an 
antibiotic active against Neisseria gonorrhoeae (IM ceftri- 
axone in first-line, IM spectinomycin or oral cefixime as a 
single-dose in 2nd and 3rd lines) and an anti-Chlamydia treat- 
ment (single-dose of azithromycin or doxycycline for 7 days) 
[145-147], The CDC guidelines favor the azithromycin-based 
dual combination therapy for three reasons: better compli- 
ance, lower prevalence of Neisseria gonorrhoeae resistance to 
azithromycin, and potential synergistic effect of the combination 
[147], 

The French, European, and Northern American guide- 
lines on URTls recommend a 14-day treatment duration 
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Reference 

Infection 

Method 

Study 

Comparator 

Sample size 

Results 

Comments 




treatment 





Nicolle 2002 [134] 

Acute cystitis 

Randomized 

Pivmecillinam 

Norfloxacin 

955 female patients 

Clinical recovery at 




double-blind 

400 mg twice 

400 mg twice 


the end of treatment: 




study 

daily for 3 

daily for 3 


95% vs. 96%, at 1 1 





days 

days 


days: 82% vs. 88% 
(NS) 


Harding 1991 [137] 

HR-UTI 

Randomized 

Single-dose of 

Co- 

14/13 

Eradication: 79% vs. 

Catheter-related 



study 

CO- 

trimoxazole 


81% 

UTI persisting 




trimoxazole 

10 days 



after catheter 

removal 

Small sample size 

Mohler 1987[138] 

Neurogenic 


10 days of 

3 days of 

29/29 

No difference 



bladder 


tailored 

tailored 


(recovery, failure) 



infection 


antibiotic 

antibiotic 







therapy 

therapy 




Dow 2004 [139] 

Moderate 

Randomized 

14 days of 

3 days of 

60 

Relapses were more 



catheter- 

Double-blind 

ciprofloxacin, 

ciprofloxacin, 


frequent with a short 



related UTI in 

Placebo- 

250 mg twice 

250 mg twice 


treatment 



paraplegic 

controlled 

daily 

daily 


Better long-term 



patients 

study 




sterilization in the 
long-term treatment 
group 


Peterson 2008 [141] 

APN or 

Randomized 

Levofloxacin, 

Ciprofloxacin, 

1109 including 782 

Out of 619 



complicated 

double-blind 

750 mg once 

400/500 mg 

complicated UTIs 

Bacterial eradication: 



UTI 

study 

daily for 5 

twice daily for 

and 311 APNs 

79.8% vs. 77.5% 





days 

10 days 


95% Cl [ — 8.8— 4.1%] 


Talan 2004 [142] 

APN or 

Randomized 

Ciprofloxacin, 

Ciprofloxacin, 

1035, including 435 

Eradication: 89% vs. 



complicated 

double-blind 

1000 mg once 

500 mg twice 

confirmed cases 

85% (95% Cl: 



UTI 

study 

daily for 

daily for 

(343 complicated 

— 2.4%-10.3%) 





7 to 14 days 

7 to 14 days 

UTIs, 92 APNs) 

Clinical recovery 97% 
vs. 94% (95% Cl: 

— 1 .2%— 6.9%) 


Ulleryd 2003 [143] 

Febrile UTI 

Randomized 

Ciprofloxacin 

Ciprofloxacin 

72 

Clinical + 



Male 

1-year 

500 mg twice 

500 mg twice 


bacteriological 




follow-up 

daily 

daily 


success at 14 days: 





2 weeks 

4 weeks 


89% vs. 97%, NS 


Eliakim-Raz 2013 [144] 

APN or febrile 

Meta-analysis 

Treatment < 7 

Treatment > 7 


Clinical failure at the 

Similar results for 


UTI 


days 

days 


end of long-term 

fluoroquinolones 







treatment: RR 0.63 

and bacteremia 







[95% CI: 0.33-1.18] 

subgroups 

Kavatha 2003 [135] 

Uncomplicated 

Randomized 

Co- 

Cefpodoxime 

70 

Early clinical success: 



cystitis 


trimoxazole 3 
days 

3 days 


100% vs. 98.4% 


Gupta 2007 [136] 

Uncomplicated 

Randomized 

Co- 

Nitrofurantoin 

148 

Early clinical success: 



cystitis 

study 

trimoxazole 3 
days 

3 days 


90% vs. 90% 



UTI: urinary tract infection; HR-UTI: healthcare-related urinary tract infection; APN: acute pyelonephritis. 


for complicated and uncomplicated presentations [147-149]. 
French guidelines suggest a treatment duration ranging from 
14 to 21 days for complicated URTIs. European guide- 
lines suggest, in the core text, a 10- to 14-day treatment 
for URTIs, but this duration is not mentioned in the 
tables. 

A single IM dose of ceftriaxone is recommended in com- 
bination with doxycycline and metronidazole for 14 days in 
uncomplicated URTIs. A treatment regimen with a single-dose 
of ceftriaxone combined with azithromycin 1 g/week for 14 


days is suggested in the French and European guidelines on 
uncomplicated URTIs. 

None of these guidelines suggest tailoring antibiotic ther- 
apy duration to the performance of drainage and its efficacy for 
complicated URTIs. 

11.2. Randomized studies 

A summary of randomized studies published on the use of 
antibiotic therapies in URTIs is available in Table 1 . 
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A total of 10 randomized studies have been published since 
1993 [150-159|. None of them aimed to compare a conventional 
treatment duration with a shorter one. 

Most studies compared treatments administered for 14 
days in both groups. Patients enrolled in some treatment 
groups received a combination containing a single-dose of 
ceftriaxone or ciprofloxacin and a 14-day treatment with doxy- 
cycline ± metronidazole. 

Martens et al. compared two treatment groups receiving 
treatment for 10 days, and observed good efficacy (93%) in 
the cefoxitin + doxycycline group, which is suggested in sev- 
eral guidelines [150], Hemsell et al. compared two treatment 
groups receiving treatment for 2 to 10 days [153]. Guidelines do 
not mention the combination of meropenem and clindamycin 
with gentamicin. Bevan et al. compared the administration of 
azithromycin alone or in combination with metronidazole for 6 
to 8 days, and observed more than 95% efficacy in both groups 
[154]. Finally, Savaris et al. highlighted the efficacy (98%) of a 
single-dose of ceftriaxone combined with azithromycin 1 g once 
a week for 2 weeks [156], Only the latter combination therapy 
with azithromycin is mentioned in the French and European 
guidelines. 

11.3. Limitations and perspectives 

Most published studies evaluated treatment regimens before 
the progression of Neisseria gonorrhoeae resistance, especially 
to fluoroquinolones. Recent data seems to point to the respon- 
sibility of Mycoplasma genitalium and the emerging resistance 
to tetracyclines and macrolides [160], 

Very few of these studies focused on evaluating treatment reg- 
imens for complicated URTIs. Considering the absence of data, 
it seems difficult to suggest treatment regimens shorter than 14 
days. Similarly, the administration of a single-dose treatment for 
complicated URTIs, such as Neisseria gonorrhoeae pelviperi- 
tonitis, has not been studied. Studies are needed to compare 7 
versus 14 days of treatment, stratified on the performance of 
drainage, with agents of compatible susceptibility profiles in the 
treatment of infections due to the most frequent bacteria. 

Studies evaluating shorter treatment durations in uncompli- 
cated URTIs are also needed (single-dose of ceftriaxone, single 
weekly dose over 15 days, or 4-5 days of azithromycin). These 
studies should be based on molecular biology assays identifying 
bacteria instead of broad treatment for all possible bacteria. 

Finally, all published studies used the same endpoint, i.e. 
short-term clinical recovery. This criteria does not necessarily 
seem to be predictive of long-term complications such as infer- 
tility [161]. However, studies evaluating this endpoint do not 
appear feasible for now. 

The main characteristics of studies considered in this analysis 
are presented in Table 14. 

12. Bone and joint infections 

Method: review of current guidelines issued by the main sci- 
entific societies (IDSA, BSAC, SPILF, ESCMID) and literature 
analysis on PubMed (analysis of articles published over the past 


Suggested treatment duration: 

• 6 weeks: 

o prosthetic joint infections (the management 
of complex case patients must be discussed 
with the reference center for complex bone 
and joint infections), 

o spondylodiscitis (except for osteosynthesis 
device), 

o diabetic foot osteomyelitis without surgery. 


20 years) using the following search terms: “prosthetic joint 
infection”, “orthopedic implant-related infection”, “prosthetic 
hip or knee associated infections”, “septic arthritis”, “infectious 
spondylodiscitis”, “diabetic foot osteomyelitis”, “osteomyeli- 
tis”, “antibiotic therapy”, “antimicrobial agent”, “short versus 
long-term”, “weeks”, “months”, and “duration”. We also ana- 
lyzed the abstracts of the last two years’ Interscience Conference 
on Antimicrobial Agents and Chemotherapy (ICAAC) and 
European Congress of Clinical Microbiology and Infectious 
Diseases (ECCMID). 

12.1. Prosthetic joint in fections (PJIs) 

Specific algorithms were designed to determine surgical 
treatment, as it is a crucial component of the therapeutic 
strategy [162], Suggested treatments range from debridement- 
lavage without prosthesis removal, through one-step or two-step 
prosthesis replacement (with or without antibiotic-coated intra- 
articular device), to bone resection. Treatment choice is mainly 
based on symptom duration, prosthesis and surrounding tis- 
sue state, results of the preoperative synovial fluid culture if 
performed, and on susceptibility of responsible bacteria to anti- 
infective agents. 

However, although surgical treatments are rather well- 
codified, the duration of the associated antibiotic therapy 
remains unclear. In 2010, the SPILF recommended antibiotic 
therapy durations ranging from 6 to 12 weeks [163]. The 2013 
IDSA 1 164] guidelines recommend administering treatment for 
3 to 6 months, including 2 to 6 weeks of intravenous treatment for 
staphylococcal PJIs without prosthesis removal (debridement- 
lavage or one-step prosthesis replacement), and only 4 to 6 
weeks of oral or intravenous treatment for infections caused 
by other bacteria and for other situations. Recent international 
guidelines [165,166] mentioned the same treatment durations, 
without making any distinction between causative agents. 

PJI diagnosis is confirmed when at least one of the follow- 
ing criteria is observed: growth of the same microorganism 
on at least two synovial fluid or periprosthetic tissue cultures, 
purulent aspect of the synovial fluid or at implantation site, 
acute inflammation observed at pathological examination of the 
periprosthetic tissue or presence of a fistula. Infections are classi- 
fied as early (< 3 months after surgery), delayed (3 to 24 months), 
and late onset (> 24 months). Recovery is defined by the absence 


Table 14 

References - upper reproductive tract infections (URTI) and sexually transmitted infections. 
Bibliographie - infections genitales hautes (IGH) et infections sexuellement transmises. 


Reference 

Infection 

Method 

Treatment group 1 

Treatment group 2 

Clinical efficacy 

Microbiological efficacy 

Martens 1993 [150] 

Uncomplicated URTI 

Randomized, multicenter, 
double-blind study 

Oral ofloxacin 

Duration: 10 days 
« = 128 

Intramuscular cefoxitin followed by 
oral doxycycline 

Duration: 10 days 

72=121 

95% vs. 93% 

100% vs. 100% among 
Neisseria gonorrhoeae and 
Chlamydia trachomatis 

Witte 1993 [151] 

URTI confirmed by 
laparoscopy 

Randomized, 
double-blind study 

Oral doxycycline at D 1 
followed by oral 
metronidazole 

Duration: 10-14 days 

72 = 20 

Oral pefloxacin + metronidazole 
Duration: 10-14 days 

72 = 20 

35% vs. 45% 

Not evaluated 

Arredondo 1996 [152] 

Uncomplicated URTI 

Randomized, multicenter, 
double-blind study 

Oral clindamycin + oral 
ciprofloxacin 

Duration: 14 days 

72 = 67 

Single intramuscular dose of 
ceftriaxone + oral doxycycline 
Duration: 14 days 

72 = 64 

97% vs. 95% 

100% vs. 100% among 

N. gonorrhoeae and 

C. trachomatis 

Hemsell 1997 [153] 

URTI 

Randomized multicenter 
study 

IV meropenem 

Duration: 2-10 days 

72 = 211 

Clindamycin + IV gentamicin 

Duration: 2-10 days 72 = 184 

88% vs. 90% 

88% vs. 86% among 

N. gonorrhoeae 

C. trachomatis and anaerobes 

Bevan 2003 [154] 

URTI 

Randomized study 

IV azithromycin for 1-2 
days, then oral route for 5-6 
days 

Duration: 6-8 days 

72=102 

IV azithromycin for 1-2 days, then 
oral route for 5-6 days + IV 
metronidazole for 1-2 days, then oral 
route for 10-11 days 

Duration: 11-12 days 

71=105 

97% vs. 96% 

100% vs. 100% among 

N. gonorrhoeae strains 

100% vs. 96% among 

C. trachomatis strains 

83% vs. 83% among 
Mycoplasma hominis strains 
100% vs. 100% among 
anaerobes 

Ross 2006 [155] 

Uncomplicated URTI 

Non-inferiority, 
randomized, multicenter, 
double-blind study 

Oral moxifloxacin 

Duration: 14 days 

72 = 275 

Oral ofloxacin + oral metronidazole 
Duration: 14 days 

71 = 289 

90% vs. 91% 

100% vs. 82% among 

N. gonorrhoeae strains 

89% vs. 86% among 

C. trachomatis strains 

Savaris 2007 [156] 

Uncomplicated URTI 

Randomized, equivalence 
study 

Single-dose of ceftriaxone + 
azithromycin 1 g once a 
week for 14 days 

Duration: 14 days 

72 = 53 

Single-dose of ceftriaxone + oral 
doxycycline for 14 days 

Duration: 14 days 

71 = 53 

98% vs. 86% 

Not evaluated 

Heystek 2009 [157] 

Uncomplicated URTI 

Non-inferiority, 
randomized, multicenter, 
double-blind study 

Oral moxifloxacin 

Duration: 14 days 

72=177 

Single oral dose of 
ciprofloxacin + oral doxycycline and 
oral metronidazole for 14 days 
Duration: 14 days 

7 1 = 161 

97% vs. 98% 

Not evaluated 

Judlin, 2010 [158] 

Uncomplicated URTI 

Non-inferiority, 
randomized, multicenter 
double-blind study 

Oral moxifloxacin 

Duration: 14 days 

72=130 

Oral levofloxacin + oral 

metronidazole 

Duration: 14 days 

71=130 

78% vs. 82% 

Overall eradication rate: 

90% vs. 85% 

Asicioglu, 2013 [159] 

Uncomplicated URTI 

Randomized, multicenter 
study 

Oral moxifloxacin 

Duration: 14 days 

72 = 560 

Oral ofloxacin + oral metronidazole 
Duration: 14 days 

71 = 543 

79.5% vs. 83% 

Overall eradication rate: 

83% vs. 84.5% 


URTI: upper reproductive tract infection; IM: intramuscular; IV: intravenous. 
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of clinical signs of infection, a normal C-reactive protein (CRP) 
rate, and the absence of radiological signs of bone destruction 
or infection following an average follow-up of two years. Treat- 
ment failure is defined as persistent clinical and/or biological 
signs of infection, or as a new microbiological isolation of the 
causative agent. 

A total of 17 studies have been reviewed and are presented in 
Table 15. The overall number of patients is 1214, with a sex ratio 
of 1/1. Most infections were early onset infections with a short 
duration of symptoms. Staphylococcus aureus was responsible 
for approximately two-thirds of infections. 

Only two studies were prospective and randomized, but with 
a relatively small sample size [167,168], Five studies were 
prospective but non-randomized [169-173], and the other ones 
were retrospective. Only 6 studies out of 17 enrolled more than 
100 patients [169,172-176] and some of them were monocen- 
tric. Patient types also varied substantially. Another limitation 
lies in the lack of variety of antibiotic treatments used. Most 
studies used oral antibiotic treatments as a combination of flu- 
oroquinolone and rifampicin, even though with few exceptions, 
such as the use of linezolid 1 177], 

Ranges of antibiotic therapy duration are also quite lim- 
ited, restricting the comparison to durations of 6 or 12 weeks 
and preventing the evaluation of treatment durations of 4 or 
8 weeks. Antibiotic therapy brevity also depends on the sur- 
gical strategy. For instance, studies using debridement-lavage 
compared short treatments of 6, 7, or 8 weeks, but never less 
than that. Much shorter treatment durations have been evaluated 
in studies focusing on patients undergoing two-step prosthesis 
removal/reimplantation, especially with the use of antibiotic- 
coated spacer. Five studies thus evaluated treatment durations 
shorter than 6 weeks, some even evaluated a 1-week treatment 
[178-181 ] or no antibiotic therapy at all following surgery [175]. 

The success rates observed in these studies range from 71 
to 92%. Although very few studies primarily aimed to compare 
treatment durations, some of them evaluated factors associated 
with treatment success or failure. The 2010 study of Bernard 
et al. did not report any variables significantly associated with 
recovery [169], Brandt et al. observed that symptom duration > 2 
days (RR 4.16 [1.67-10.39]) was the only variable associated 
with treatment failure in the multivariate analysis [182], Laffer 
et al. observed, in their 2006 study, a significantly lower success 
rate for delayed onset infections IP <0.03) [183], Other studies 
also reported that multidrug-resistant staphylococcal infections 
were associated with poor prognosis (59.5% success rate vs. 
73.6%) [176]. The need for a second debridement procedure 
(OR 20.4 [2.3-166.6] P = 0.006) and CRP >22 mg/dl (OR 9.8 
[1.5-62.5] P = 0.01) were both independently associated with 
treatment failure in Vilchez et al.’s study [184]. 

Despite these limitations, no study reported an association 
between prolonged antibiotic therapy duration and clinical suc- 
cess, or between short antibiotic therapy and risk of treatment 
failure (Table 15). 

Rates of adverse effects and treatment costs were some- 
times used as secondary endpoints. Hsieh et al. observed that 
1 1 % of patients included in the “prolonged antibiotic therapy” 
group presented with complications such as nephrotoxicity and 


neutropenia. Shorter treatments also helped in reducing hospital 
length of stay (from 43 to 1 8 days, P < 0.001) and direct medical 
cost (from $21,756 to $13,732, P< 0.001) [178], 

Considering these results and despite the limitations of the 
studies reviewed, a 6-week antibiotic therapy may be recom- 
mended, regardless of the chosen surgical treatment. Large-scale 
randomized prospective studies are, however, needed to validate 
this treatment duration. 

12.2. Bone and joint infections, excluding device-related 
infections (Table 16) 

12.2.1. Diabetic foot osteomyelitis 

The 2006 SPILF guidelines suggest a 4 to 6-week treatment 
when partial exeresis of infected tissues is performed and at least 
6 weeks of treatment when surgical procedure is not performed 

[185], 

The 2012 IDS A guidelines suggest the same treatment dura- 
tions, and also suggest a 3-month or longer treatment for osteitis 
patients who did not undergo surgical exeresis [186]. A meta- 
analysis performed by Cochrane in 2013 did not report any 
controlled study enabling to determine the optimal treatment 
duration for chronic osteitis [187], The results of a controlled 
study indicated that six weeks of treatment should be enough 
for chronic osteitis patients who did not undergo surgery [188]. 

Many studies evaluated various agents in the treatment of 
bone and joint infections, but sample size is usually small and 
the infection type definition often lacks in precision to enable a 
comparative analysis of treatment durations [189]. 

12.2.2. Septic arthritis 

The last SPILF guidelines on the management of septic 
arthritis were published in 1990 [190]. The British Society for 
Antimicrobial Chemotherapy (BSAC) issued guidelines in 2006 
and suggested administering a 6-week treatment [191], Some 
authors suggest prescribing 4 to 6 weeks of treatment for < 10- 
day history of acute arthritis, and 6 to 12 weeks for > 10-day 
history of arthritis [192]. No controlled study has so far evalu- 
ated treatment durations. Retrospective cohort studies showed 
that a treatment administered for more than 6 weeks does not 
seem necessary 1 173]. Usual mortality rates were observed with 
2- or 3-week treatments administered for streptococcal acute 
arthritis and 4- to 6-week treatments for staphylococcal infec- 
tions [193]. Following successful lavage, a 14-day treatment 
- including 7 days of intravenous administration - may not be 
associated with an additional risk of recurrence according to the 
results of a monocentric retrospective study [194]. There is cur- 
rently no strong evidence supporting the need for a change in 
current practices by reducing treatment duration. 

12.2.3. Spondylodiscitis 

The most recent French guidelines published in 2009 [195] 
recommend 6 to 12 weeks of treatment, but they do not mention 
which criteria should be applied to favor using the lower or 
upper end of this range. The authors of a retrospective cohort 
study published in 2007 1 196] suggested that a 6-week treatment 
was enough. 


Table 15 

References - prosthetic joint infections. 

Bibliographic - infections sur materiel prothetique osteo-articulaire. 


Type of surgical treatment 

Antibiotic therapy 
duration (including IV 
route) 

Number of 
patients 

Microorganisms’ 3 

Success rate 

Short/long 

Study type/evidence required 

References 

Hip 







Debridement-lavage 

3 months (15 days) 

33 a 

Staphylococci 100% 

79.1% 

Randomized double-blind 
prospective study 

Zimmerli et al., 1998 

[167] 


8 weeks vs. 3 months 

21 

Staphylococci 100% 

91% vs. 94%/NS 

Open-label randomized 
prospective multicenter study 

Lora-Tamayo et al., 
2013 [168] 


6 weeks (2 weeks) vs. 

12 weeks (2 weeks) 

60 a 

Staphylococci 84/144; 

Streptococci 31/144 

80%/NS 

Prospective monocentric study 

Bernard et al., 2010 

[169] 


3 months (3-7 days) 

12 

Staphylococci 22/29 

82.7% 

Prospective monocentric study 

Berdal et al., 2005 
[170] 


7 weeks 

38 

Staphylococci 17/38; 

Streptococci 2/38 

71% 

Prospective monocentric study 

Westberg et al., 2012 
[171] 


6 weeks vs. 12 weeks 

123 a 

MRSA 42/307 

74.9% vs. 71.6%/NS 

Retrospective multicenter study 

Chaussade et al., 2013 
[176] 


88 days (11 days) 

18 

S. aureus 100% 

75.5% 

Retrospective monocentric study 

Vilchez et al., 201 1 

[184] 


2 months (4 weeks) 
vs. 3 months (4 
weeks) 

32 

Staphylococci 91/132; 

Streptococci 29/132; 

Gram-negative bacilli 17/132 

87.5% vs. 89.5%/NS 

Retrospective monocentric study 

Puhto et al., 2012 

[174] 

One-step prosthesis replacement 

6 weeks (2 weeks) vs. 

12 weeks (2 weeks) 

10 a 

Staphylococci 84/144; 

Streptococci 31/144 

80%/NS 

Prospective monocentric study 

Bernard et al., 2010 

[169] 


12 weeks (4-6 weeks) 

157 

Staphylococci 84/157; 

Streptococci 24/157 

94.9% 

Prospective monocentric study 

Zeller et al., 2014 
[172] 


6 weeks vs. 12 weeks 

20 a 

MRSA 42/307 

74.9% vs. 71.6%/NS 

Retrospective multicenter study 

Chaussade et al., 2013 

[176] 

Two-step prosthesis replacement 

6 weeks (2 weeks) vs. 

12 weeks (2 weeks) 

57 a 

Staphylococci 84/144; 

Streptococci 31/144 

80%/NS 

Open-label prospective 
multicenter study 

Bernard et al., 2010 

[169] 


6 weeks vs. 12 weeks 

96 a 

MRSA 42/307 

74.9% vs. 71.6%/NS 

Retrospective multicenter study 

Chaussade et al., 2013 

[176] 


(1 week) vs. 6 weeks 
(4 weeks) 0 

99 

Staphylococci 57/99; 

Pseudomonas aeruginosa 1 3/99 

89% vs. 91%/NS 

Retrospective monocentric study 

Hsieh et al., 2009 
[178] 


(5 days) c 

31 

Staphylococci 24/3 1 ; 

Streptococci 3/3 1 ; Enterococci 

2/31 

100% 

Retrospective monocentric study 

Me Kenna et al., 2008 

[179] 


(2 weeks) 0 

44 

Staphylococci 32/44; Enterococci 
6/44; Streptococci 5/44 

92.7% 

Retrospective monocentric study 

Whittaker et al., 2009 

[180] 


No associated 
antibiotic therapy 

114 

Staphylococci 70/114; 

Enterococci 14/114; Streptococci 
4/114 

87.7% 

Retrospective monocentric study 

Stockley et al., 2008 
[175] 

Non-specified 

6 weeks 

43 a 

Staphylococci 60/118; 

Streptococci 16/118 

91.50% 

Prospective monocentric study 

Fahrad et al., 2010 

[173] 


7.2 weeks (3-7 days) 

15 

Staphylococci 19/20 

80% 

Retrospective monocentric study 

Bassetti et al., 2004 
[177] 
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Table 15 ( Continued ) 


Type of surgical treatment 

Antibiotic therapy 
duration (including IV 
route) 

Number of 
patients 

Microorganisms 5 

Success rate 

Short/long 

Study type/evidence required 

References 

Knee 







Debridement-lavage 

6 months (15 days) 

33 a 

Staphylococci 100% 

79.10% 

Randomized double-blind 
prospective study 

Zimmerli et al., 1998 

[167] 


8 weeks vs. 6 months 

18 

Staphylococci 100% 

91% vs. 94%/NS 

Open-label randomized 
prospective multicenter study 

Lora-Tamayo et al., 
2013 [168] 


6 weeks (2 weeks) vs. 

12 weeks (2 weeks) 

60 a 

Staphylococci 84/144; 
Streptococci 31/144 

80%/NS 

Prospective monocentric study 

Bernard et al., 2010 

[169] 


3 months (3-7 days) 

6 

Staphylococci 22/29 

82.7% 

Prospective monocentric study 

Berdal et al., 2005 
[170] 


6 weeks vs. 12 weeks 

123 a 

MRSA 42/307 

74.9% vs. 71.6%/NS 

Retrospective multicenter study 

Chaussade et al., 2013 
[176] 


3 months (4 weeks) 
vs. 6 months (4 
weeks) 

54 

Staphylococci 91/132; 
Streptococci 29/132; 
Gram-negative bacilli 17/132 

87.5% vs. 89.5%/NS 

Retrospective multicenter study 

Puhto et al., 2012 

[174] 


88 days (11 days) 

35 

S. aureus 100% 

75.5% 

Retrospective monocentric study 

Vilchez et al., 201 1 

[184] 


< 6 months (2 weeks) 
vs. > 6 months (2 
weeks) 

21 

Staphylococci 25/40; 

Streptococci 5/40 

91% vs. 87%/NS 

Retrospective monocentric study 

Laffer et al., 2006 

[183] 

One-step prosthesis replacement 

6 weeks (2 weeks) vs. 

12 weeks (2 weeks) 

10 a 

Staphylococci 84/144; 
Streptococci 31/144 

80%/NS 

Prospective monocentric study 

Bernard et al., 2010 

[169] 


6 weeks vs. 12 weeks 

20 a 

MRSA 42/307 

74.9% vs. 71.6%/NS 

Retrospective multicenter study 

Chaussade et al., 2013 
[176] 


< 6 months (2 weeks) 
vs. > 6 months (2 
weeks) 

2 

Staphylococci 25/40; 

Streptococci 5/40 

91% vs. 87%/NS 

Retrospective monocentric study 

Laffer et al., 2006 

[183] 

Two-step prosthesis replacement 

6 weeks (2 weeks) vs. 

12 weeks (2 weeks) 

57 a 

Staphylococci 84/144; 
Streptococci 31/144 

80%/NS 

Prospective monocentric study 

Bernard et al., 2010 
[169] 


6 weeks vs. 12 weeks 

96 a 

MRSA 42/307 

74.9% vs. 71.6%/NS 

Retrospective multicenter study 

Chaussade et al., 2013 
[176] 


< 6 weeks vs. > 6 
weeks + c 

37 

Staphylococci 100% 

87% vs. 91%/NS 

Retrospective multicenter study 

Mittal et al., 2007 
[181] 


< 6 months (2 weeks) 
vs. > 6 months (2 
weeks) 

13 

Staphylococci 25/40; 

Streptococci 5/40 

91% vs. 87%/NS 

Retrospective monocentric study 

Laffer et al., 2006 

[183] 

Non-specified 

6 weeks 

43 a 

Staphylococci 60/118; 
Streptococci 16/118 

91.50% 

Prospective monocentric study 

Fahrad et al., 2010 

[173] 


7.2 weeks (3-7 days) 

5 

Staphylococci 19/20 

80% 

Retrospective monocentric study 

Bassetti et al., 2004 
[177] 

IV: intravenous: MRS A: methicillin-resistant S. aureus ; NS: non- 

-significant. 






a Hip and knee taken together. 

b Comprising all types of arthroplasty and surgical treatments. 
c Use of an antibiotic loader spacer. 
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Table 16 

Treatment durations - bone and joint infections, except for device-related infections. 
Durees de traitement - infections osteo-articulaires hors infections sur materiel. 
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Type of infection 

Duration of 

conventional 

treatment 

Short treatment 

Target population 
for short treatment 

Evidence required 
for a short 

treatment 

Comments 

Septic arthritis 

6 weeks 

14 days after 
drainage 

Well-documented 

infection 

following 

successful 

drainage 

Retrospective 

(cohorts) 

Insufficient to 
change practices 

Diabetic foot osteomyelitis 

> 6 weeks in the 

absence of 

excision 

6 weeks 

All populations 

Randomized study 
(2015) 

Small sample size 
stressing the need 
for further studies 

Spondylodiscitis 

6 to 12 weeks 

6 weeks 

All populations 

Randomized study 
(2015) 

Justifying a 
change in 
practices 


The first multicenter randomized controlled study was pub- 
lished in 2015 [197] and showed that a 6-week treatment was 
not inferior to 12 weeks. The 2015 IDS A guidelines recommend 
6 weeks of treatment for all infection types [198], 

The main characteristics of studies considered in this analysis 
are presented in Table 17. 

13. Skin and soft tissue infections 


Suggested treatment durations: 

• 3 days: superficial skin infections (when antibi- 
otics are indicated); 

• 5 days: preemptive treatment for animal bites; 

• 7 days: bacterial cellulitis, including erysipelas, 
wound infections, and extensive skin abscess 
(lesion > 75 cm 2 ). 


Method.- We used the following search terms to perform the 
literature analysis: “skin and soft tissue infection’’ and “skin and 
skin structure infection”. We only reviewed studies comparing 
two treatment groups and for which treatment durations were 
mentioned (even when treatment duration was not the primary 
endpoint). All bone and joint infections, confirmed or suspected, 
reported in these studies were excluded from the analysis. 

This document does not focus on treatment duration for dia- 
betic foot infections or necrotizing fasciitis. 

Surgery, when it can be performed, helps in reducing the 
duration of antibiotic therapy and can even prevent it. 

Other factors may influence treatment duration: the antibiotic 
choice (bactericidal/bacteriostatic, tissue concentration, half- 
life, etc.), the causative agent(s), vulnerability factors of the host 
(neutropenia, immunodeficiency, etc.). 

We only found one randomized comparative study using 
treatment duration as primary endpoint [199]. 


The other studies compared two antibiotics with either similar 
or different treatment durations depending on treatment groups 
and comparators. They included heterogeneous populations of 
patients, infections of various severity, and used various clinical 
and/or microbiological endpoints; treatment duration interpre- 
tation was thus very difficult. 

However, the Food and Drug Administration (FDA) has 
recently suggested standardizing infections and efficacy criteria 
[200]. “SSTIs” (skin and soft tissue infections) used to refer to 
bacterial infections of varying severity affecting the epidermis, 
dermis, or subcutaneous tissues, and “cSSTIs” (complicated skin 
and soft tissue infections) used to refer to these very same infec- 
tions but with deep subcutaneous tissue involvement or the need 
for surgical treatment. The FDA now recommends using the 
term “ABSSSIs” (acute bacterial skin and skin structure infec- 
tions) which refers to cellulitis, wound infections, and extensive 
skin abscesses (lesion >75 cm 2 ). “cSSTIs” are included within 
these infections and refer to bedsore infections, venous or arte- 
rial ulcer infections, bite infections (animal or human), surgical 
site infections, and post-trauma infections. Burn-related infec- 
tions and diabetic foot infections with or without osteitis are 
considered separately. These terms are used in the recapitulative 
table of publications on treatment durations of skin and soft tis- 
sue infections; almost all these studies use the terms “SSTIs”, 
“cSSTIs”, and “ABSSSIs”. 

The primary efficacy endpoint suggested by the FDA is the 
reduction of at least 20% in the lesion size at 48-72 hours. Lesion 
clearance 7 to 14 days after antibiotic therapy completion is 
suggested as secondary endpoint. 

French guidelines on erysipelas and cellulitis were drafted 
15 years ago [201]. American guidelines were more recently 
published on skin and soft tissue infections [202], 

The summary table of this work (Table 18) suggests consid- 
ering the following types of infections separately: 

• superficial skin infections (impetigo, ecthyma, furuncles in 
patients with underlying conditions, anthrax); 

• animal bites; 

• bacterial cellulitis including erysipelas and infections falling 
under the term “ABSSSIs”. 
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Table 17 

References - bone and joint infections, except for device-related infections. 
Bibliographie — infections osteo-articulaires hors infection sur materiel. 


Type of surgical treatment 

Antibiotic therapy 

Number of 

Microorganisms 

Success rate 

Study 

References 


duration 

patients 


Short/long 

type/Evidence 



(including IV 
route) 




required 


Spondylodiscitis 







If required 

6 weeks (2 weeks) 

351 

S. aureus 145 

90.9% vs. 90.9% 

Randomized 

Bernard et al., 


vs. 12 weeks (2 


(41%); CoNS 61 


double-blind 

2015 [197] 


weeks) 


(17%); 


prospective 





Streptococci 32 
(18%) 


multicenter study 



6 weeks (3 weeks) 

120 


34 (94) vs. 75 (89) 

Retrospective 

Roblot et al. 2007 


vs. 6 weeks (4 
weeks) 




multicenter study 

[196] 

Septic arthritis 

3—4 weeks 

32 

Streptococci 32 

80% 

Retrospective 

Nolla et al. 2015 




(18%) 


monocentric study 

[193] 


4—6 weeks 

145 

S. aureus 145 


Retrospective 

Nolla et al. 2015 




(41%) 


monocentric study 

[193] 


6 weeks 

43 

Staphylococci 

91.5% 

Prospective 

Fahrad et al., 2010 




60/118; 

Streptococci 

16/118 


monocentric study 

[173] 

Diabetic foot osteomyelitis 







Drainage 

2 weeks (1 week) 

169 

Staphylococci 98 

NS* 

Retrospective 

Uckay et al. 201 1 


vs. >4 weeks 


(52%) 


monocentric study 

[194] 

Absence 

6 weeks (2 weeks) 

40 

Staphylococci 20 

12/20 vs. 14/20 

Randomized 

Tone et al. 2015 


vs. 12 weeks (2 


(34%) 

(65%) 

prospective 

[188] 


weeks) 


Polymicrobial 
infection 18/40 
(45%) 


multicenter study 



No study has so far been conducted on treatment duration 
for superficial skin infections. For instance, American guide- 
lines suggest 7 days of treatment for impetigo and ecthyma 
[202]. These same guidelines recommend a 5-day treatment for 
erysipelas and other cellulitis infections, although mentioning 
that treatment duration may be prolonged if no improvement is 
observed after 5 days. 

The 2000 French guidelines recommended 15 days of 
treatment for erysipelas; no treatment duration was, however, 
recommended for necrotizing cellulitis [201]. 

Only one randomized study comparing 5 -day and 10-day lev- 
ofloxacin treatments was performed. The authors concluded to 
the equivalent efficacy of both treatments [199]. However, the 
recent French update on fluoroquinolone stewardship mentions 
that this therapeutic class is not indicated in the treatment of 
skin and soft tissue infections, thus reducing the usefulness of 
this study that aimed to evaluate two treatment durations with 
the same antibiotic and showed the non-inferiority of the shorter 
5-day treatment. As for the other studies analyzed in this review, 
their authors all concluded that a 7- to 10-day antibiotic therapy 
seemed enough [ 203—209]. 

The IDSA recommends a shorter treatment (5 days), with 
the possibility to further extend treatment in case of incom- 
plete recovery on Day 5. They, however, do not give additional 
information [ 202] . 

Treatments of skin and soft tissue infections, even com- 
plicated ones, known as “(c)SSTIs (or (c)SSSIs)”, and more 
recently of acute bacterial infections referred to as “ABSSSIs”, 


have been evaluated for an average of 10 days with the oldest 
agents [199,204,206,207,210], 

New agents could help in reducing treatment duration: 6 
days for tedizolid [211,212], single-dose administration for 
oritavancin [66], or two administrations one week apart for 
dalbavancin [213,214], However, these are not “true” short 
antibiotic therapies given the agents’ very long half-life. 

A Cochrane review suggests that the optimal duration of 
preemptive antibiotic therapy for animal bite is 5 days [215], 
The main characteristics of studies considered in this analysis 
are presented in Table 18. 

14. Febrile neutropenia 

Method.- Source: IDSA guidelines on the management of 
febrile neutropenia [225], European ECIL-4 guidelines [226], 
and literature analysis on PubMed from 2013 to 2015. 

Initiating a broad-spectrum antibiotic therapy is recom- 
mended to treat febrile neutropenia. Its duration is, however, 
disputed: American guidelines [225,226] make the distinction 
between several situations. When the infection is clinically 
and/or microbiologically documented, the antibiotic therapy 
must be continued at least until neutropenia correction (neu- 
trophil count >500 cells/mm 3 ), or even longer depending on 
the clinical situation. For fever of unknown origin (FUO), the 
antibiotic therapy should be continued at least until the end 
of the aplasia. The authors of a randomized study [227] com- 
pared antibiotic therapy discontinuation and antibiotic therapy 


Table 18 

References - skin and soft tissue infections. 
Bibliographie - infections de la peau et des tissus mous. 


Reference 

Infection 

Method 

Treatment group 1 

Treatment group 2 

Number of patients 
included 

Results 

Comments 

Hepburn 2004 [199] 

ABSSI 

Cellulitis 

Randomized 
double-blind study 

Oral levofloxacin 

500 mg/day, 10 days 

Oral levofloxacin 

500 mg/day, 5 days 

Treatment group 1 : 43 
Treatment group 2: 44 

Treatment duration: group 1: 10 
days; group 2: 5 days 

Resolution on Day 14: group 1: 98%; 
group 2: 98% 


Bergkvist 1997 [203] 

Erysipelas 

Randomized study 

Antibiotic + 
prednisolone 

Antibiotic + placebo 

Treatment group 1 : 54 
Treatment group 2: 54 

Treatment duration = 8 days 

Median time to recovery: Day 5 for 
group 1 ; Day 6 for group 2 
(P<0.01) 


Bernard 1992 [204] 

Erysipelas 

Randomized study 

Roxithromycin 

Penicillin 

Treatment group 1:31 
Treatment group 2: 38 

Treatment duration =10 days 
Treatment duration =10 days after 
apyrexia in both groups 

Mean treatment duration: group 1:13 
days; group 2: 13 days 

Rate of recovery: group 1: 84%; 
group 2: 76% (NS) 


Dali 2005 [205] 

Cellulitis 

Pilot study 

Only antibiotics (1 st 

generation 

cephalosporin) 

Antibiotic + ibuprofen 

Treatment group 1: 33 
Treatment group 2: 31 

Treatment duration =10 days in both 
groups (5 days of ibuprofen in group 
2) 

Reduction of inflammation: group 1: 
9% on Day 3: group 2: 82.8% on Day 
2 (P<0.05%) 


Pallin 2013 [206] 

Cellulitis 

Randomized 
double-blind study 

Cefalexin 

Cefalexin + trimetho- 
prim/ sulfamethoxazole 

Treatment group 1 : 

73 

Treatment group 2: 

73 

Treatment group 1 : 24 
Treatment group 2: 23 

Treatment duration =14 days 

Clinical recovery: group 1: 85%; 
group 2: 82% (NS) 


Aboltins 2015 [207] 

Cellulitis 

Randomized study 

Oral cefalexin 

IV cefazolin 

Treatment duration =10 days 
Stabilization of the inflammatory 
area: group 1: 1.29 days; group 2: 

1.78 days 

Overall rate of clinical failures: 
group 1: 22%; group 2: 4% (P = 0.10) 


Breedt 2005 [208] 

Skin and soft tissue 
infections (SSTIs) 

Randomized 
double-blind study 

Tigecycline 

Vancomycin + 
aztreonam 

Treatment group 1 : 

261 

Treatment group 2: 

259 

Treatment duration: “until Day 14” 
for both groups 

Clinical response rate: group 1 : 

84.3%; group 2: 86.9% 


Chuang 2011 [209] 

Complicated skin and 
skin structure 
infections (cSSSIs) 

Randomized 
double-blind study 

Tigecycline 

Vancomycin + 
aztreonam 

Treatment group 1 : 63 
Treatment group 2: 64 

Treatment duration = 5 to 14 days in 
both groups 

Rates of recovery are not 
significantly different 

Difficult interpretation 
study, including 

Indians and 

Taiwanese patients, 
various infections, 
and highly variable 
treatment durations 


to 

-o 
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Table 18 ( Continued ) 


Reference 


Weigelt 2005 [216] 


Itani 2010 [217] 


Stevens 2000 [218] 


Moran 2014 [211] 


Prokocimer 2013 [212] 


Miller 2015 [210] 


Infection 


Method 


Complicated skin and soft 
tissue infections (cSSTIs) 


Complicated skin and soft 
tissue infections (cSSTIs) 


Complicated skin and soft 
tissue infections (cSSTIs) 


Acute bacterial skin and 
skin structure infections 
(ABSSSIs) 


Acute bacterial skin and 
skin structure infections 
(ABSSSIs) 


Acute bacterial skin and 
skin structure infections 
(ABSSSIs) (cellulitis, 
abscess > 5 cm) 


Randomized 
open-label study 


Randomized 
double-blind study 


Randomized 
double-blind study 


Randomized 
double-blind study 
Intent-to-treat analysis 
Primary endpoint = 
FDA criteria (clinical 
response at 72 hours) 


Randomized 
double-blind study 


Treatment group 1 


IV or oral linezolid 
(600 mg twice daily) 


IV or oral linezolid 
(600 mg twice daily) 


IV linezolid (600 mg 
twice daily), then 
switch to the oral 
route 


Oral tedizolid 200 mg 
once daily 6 days 


Oral tedizolid 
200 mg once daily for 
6 days 


Oral clindamycin 


Treatment group 2 

Number of patients 
included 

Results 

Comments 

IV vancomycin (1 g 

Treatment group 1 : 

Mean treatment duration: 

Infections = cellulitis, 

twice daily) 

592 

group 1 = 12 days; group 2 = 

abscesses, infected 


Treatment group 2: 
588 

11 days 

Rate of recovery (test of 
cure/intent- to-treat): group 1: 
92.2%/75.3%; group 2: 
88.5%/70.2% 

(P = 0.057/0.0496) 

ulcers, or burns 

IV vancomycin 

Treatment group 1 : 

Mean treatment duration: 


(15 mg/kg twice 

537 

group 1=9 days; group 2 = 8 


daily) 

Treatment group 2: 
515 

days 

Clinical success rate (Per 
protocol/lntent-to-treat) : 
group 1: 84%/81%; group 2: 
80%/74% (P = 0.249/0.048) 
Microbiological success rate 
(Per protocol): group 1: 75%; 
group 2: 68.4% (P = 0.1 27) 


IV oxacillin (2 g four 

Treatment group 1 : 

Mean treatment duration: 

Infections = major 

times a day), then 

403 

group 1: 13.4 days; group 2: 

abscess, infected 

switch to the oral 

Treatment group 2: 

13.4 days 

ulcer, major bum, or 

route (dicloxacillin) 

423 

Clinical recovery rate 
(Intent-to-treat/clinically 
assessable patients): group 1: 
69.8%/88.6%; group 2: 
64.9%/85.8% 

deep and extensive 
cellulitis 

Oral linezolid 

Treatment group 1 : 

Treatment duration: group 1 : 

Infections = cellulitis 

600 mg twice daily 

332 

6 days; group 2: 10 days 

or erysipelas, major 

10 days 

Treatment group 2: 

Rate of early clinical 

cutaneous abscess, 


334 

response (at least 20% 
reduction in lesion size within 
48-72 hours): group 1: 85%; 
group 2: 83% (NS) 

wound infection 

Oral linezolid 

Treatment group 1 : 

Treatment duration: group 1 : 


600 mg twice daily 

332 

6 days; group 2: 10 days 


for 10 days 

Treatment group 2: 
335 

Clinical response on Day 3 
(primary endpoint): group 1: 
79.5%; group 2: 79.4% (NS) 
Clinical response on Day 1 1 
(secondary endpoint): group 
1:69.3%; group 2:71.9% 

(NS) 


Oral trimetho- 

Treatment group 1 : 

Treatment duration: group 1 : 


prim/sulfamethoxazole 

262 

Treatment group 2: 
262 

10 days; group 2: 10 days 
Clinical recovery rate: group 

1: 89.5%; group 2: 88.2% 

(NS) 
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Table 18 ( Continued ) 


Reference Infection Method Treatment group 1 Treatment group 2 Number of patients Results Comments 

included 


Corey 2014 [219] 

Acute bacterial skin and 

skin structure infections 
(ABSSSIs) 

Randomized 
double-blind study 

IV oritavancin, 
(single-dose of 

1200 mg) 

Dodds 2009 [220] 

Skin and soft tissue 
infections (SSTIs) 

Literature review 

Linezolid 

Boucher 2014 [213] 

Complicated skin and soft 
tissue infections (cSSTIs) 

Randomized study 
Primary endpoint = 
FDA criteria (clinical 
response at 72 hours) 

Dalbavancin (one 
infusion on Day 1 and 
Day 8) 

Friedland 2012 [221] 

Acute bacterial skin and 

skin structure infections 
(ABSSSIs based on the 
FDA definition) 

Retrospective study 

IV ceftaroline fosamil 
(600 mg twice daily) 


IV vancomycin 

Treatment group 1 : 

Treatment duration: group 1: 


(15 mg/kg twice 

483 

single-dose; group 2: 7 to 10 


daily) 

Treatment group 2: 

days 



485 

Composite efficacy criterion 
at 48-72 hours: group 1: 

82.3%; group 2: 78.9% (NS) 
Clinical recovery (according 
to the investigator): group 1: 
79.6%; group 2: 80% (NS) 
Proportion of patients with at 
least 20% reduction in the 
lesion size: group 1: 86.9%; 
group 2: 82.9% (NS) 


Vancomycin 


Treatment duration = 4 to 28 

Wide variety of 



days 

treatment durations in 



Rates of recovery are not 

both groups; the 



significantly different 

optimal treatment 



between both groups 

duration could not be 

defined 

Vancomycin 

Treatment group 1 : 

Treatment duration: group 1 : 


(15 mg/kg twice 

659 

2 administrations one week 


daily) 

Treatment group 2: 

apart; group 2: 10 to 14 days 


Vancomycin may be 

653 

Clinical response on Day 3: 


replaced by linezolid 


group 1: 79.7%; group 2: 


after 3 days of 


79.8% (NS) 


treatment 




Vancomycin ( 1 g 

Treatment group 1 : 

Treatment duration: 5 to 14 

Mean treatment 

twice daily) + 

400 

days 

duration by treatment 

aztreonam (1 g twice 

Treatment group 2: 

Clinical response (defined by 

group was not 

daily) 

397 

apyrexia and by the end of the 

mentioned in the 



lesion growth on Day 3): 
group 1 : 74%; group 2: 66.2% 

article 
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Table 1 8 ( Continued ) 


Reference 

Infection 

Method 

Treatment group 1 

Treatment group 2 

Number of patients 
included 

Results 

Comments 

Jaurequi 2005 [222] 

Complicated skin and 

Randomized 

IV dalbavancin (one 

Linezolid (IV 600 mg 

Treatment group 1 : 

Treatment duration: group 1: 

Infections = “major” 


skin structure infections 

double-blind study 

1 g-infusion on Day 1 

twice daily, then 

571 

one administration on Day 1 

abscess, “substantial” 


(cSSSIs) 


and 500 mg on Day 8) 

switch to the oral 

Treatment group 2: 

and another one on Day 8: 

burn, skin and 





route) 

283 

group 2: 14 days 

subcutaneous skin 







Clinical recovery rate in 

infection such as 







clinically assessable patients 

extensive or 







14 days after discontinuation 

necrotizing cellulitis. 







of study treatments: group 1: 

known or suspected 







88.9%; group 2: 91.2% (NS) 

skin or subcutaneous 

skin infection caused 
by MRSA 

Arbeit 2004 [214] 

cSSSIs 

Randomized study 

IV daptomycin 

IV antistaphylococcal 

Treatment group 1 : 

Treatment duration: 7 to 14 



Literature review 


(4 mg/kg/day) 

penicillin (4 to 

534 

days 






12 g/day) or 

Treatment group 2: 

4 to 7 days were enough for 






vancomycin (1 g 

558 

63% of patients in group 1 vs. 






twice daily) 


33% in group 2 

Rate of recovery among 
clinically assessable patients: 
group 1: 83.4%; group 2: 
84.2% (NS) 


Quist 2012 [223] 

Complicated skin and soft 

Randomized study 

IV daptomycin 

IV vancomycin ( 1 g 

Treatment group 1 : 97 

Mean treatment duration not 



tissue infections (cSSTIs) 


(4 mg/k/day) 

twice daily) or 

Treatment group 2: 91 

specified, but only 4 to 7 days 






teicoplanin 


for 75% of patients in group 1 






(400 mg/day) 


vs. 62% in group 2 

Clinical recovery rate in 
clinically assessable patients: 
group 1: 91.4%; group 2: 
87.2% 


Medeiros 2001 [215] 

Antibiotic prophylaxis of 

Cochrane review 




Median treatment duration = 



animal bites 





5 days 


Stryjewski 2005 [224] 

cSSTIs due to 

Randomized 

IV telavancin 

Antistaphylococcal 

Treatment group 1 : 84 

Median treatment duration: 



Gram-positive bacteria 

double-blind study 

(7.5 mg/kg, once 

penicillin (four times 

Treatment group 2: 

group 1: 7 days; group 2: 7 





daily) 

a day) or vancomycin 

83 

days 






(twice daily) 


Clinical recovery rate: group 

1: 79%; group 2: 80% (NS) 



C. Wintenberger et al. /Medecine et maladies infectieuses 47 (2017) 92-141 


C. Wintenberger et al. / Medecine et maladies infectieuses 47 (2017) 92-141 


131 


Suggested treatment durations: 

• 3 days: in the absence of clinical and microbio- 
logical documentation: 

o and in the absence of signs of severity, 
o and if the patient is stable, 
o and in the absence of fever for at least 
48 hours, 

o and 48-hour hospital surveillance if the agran- 
ulocytosis is persisting (immediately start the 
antibiotic therapy again in case of fever recur- 
rence); 

• 7 days: if microbiological documentation : 

o and in the absence of fever for more than 
4 days, 

o and microbiological eradication, 
o and resolution of infection clinical signs. 


retention in patients still presenting with neutropenia after 7 
days. They observed a significantly higher rate of infectious 
complications in the discontinuation group. 

However, the IDSA points to a specific situation: FUO in 
patients at low-risk of neutropenia > 7 days presenting without 
any documented infection; switching to an oral treatment may be 
possible for apyretic patients after 3 days of parenteral antibiotic 
therapy. Guidelines even suggest discontinuing the antibiotic 
therapy after 3 days and before neutropenia correction in apyretic 
patients for at least 24 hours and whose cultures are negative at 
48 hours. 

Indeed, various studies - mostly pediatric ones - suggest that 
this approach could be implemented in these situations. Most 
of these studies are prospective or non-prospective follow-up of 
patient cohorts (Table 19). The authors of a randomized study 
[228] of 75 hemodynamically stable children presenting with 
FUO and CRP<40 mg/day on Day 1 and 2 did not observe 
any differences in terms of clinical outcome between antibiotic 
therapy discontinuation on Day 3 and antibiotic therapy reten- 
tion until fever and neutropenia resolution. Another randomized 
pediatric study [229] compared two strategies in 73 patients 
at low -risk of neutropenia > 7 days and presenting with FUO, 
apyrexia for 24 hours, in remission, and without any comorbid- 
ity. Patients were either discharged with or without oral antibiotic 
therapy. Readmission rates were low and were similar in both 
groups. 

Discontinuing the antibiotic therapy in case of FUO was not 
as extensively studied in adults: a non-randomized hematolog- 
ical study compared the outcome of patients presenting with 
FUO receiving broad-spectrum IV antibiotic therapy and pre- 
senting with apyrexia for 48 hours, for whom local guideline 
was to discontinue the antibiotic therapy [230]. Patient outcome 
was similar in the discontinuation or retention groups. However, 


2 Treatment duration should be tailored to the isolated pathogen and to the 
potential site of infection. 


the study sample size was small and the recommendation to dis- 
continue the antibiotic therapy was applied in only 34% of FUO 
episodes. Similarly, discontinuing the broad-spectrum IV antibi- 
otic therapy after 3 days in patients receiving fluoroquinolone 
prophylaxis was applied in 53% of patients and did not seem 
to have any negative clinical repercussions [231]. Conversely, 
discontinuing the antibiotic therapy in neutropenia patients pre- 
senting with persistent fever was associated with failure in 50% 
of cases [232]. 

More recently, European guidelines (ECIL group) [226] 
focusing on all types of neutropenia (patients at low or high-risk 
of neutropenia > 7 days) recommend this empirical antibiotic 
therapy discontinuation after 3 days if the following condi- 
tions are met: stable hemodynamic status, apyrexia for at least 
48 hours, and hospital surveillance within 24-48 hours after dis- 
continuation. This recommendation has, however, been disputed 
for patients at high-risk of infection who experienced treatment 
failures [233]. The authors of this prospective study evaluated 
the early discontinuation of the antibiotic therapy during a febrile 
neutropenia episode in carefully selected (please see exclusion 
criteria) patients at high-risk of complications treated for acute 
myeloid leukemia (AML). Three of the seven included patients 
experienced early relapse of the infection, including two patients 
presenting with bacteremia and one with septic shock. These 
patients had to be withdrawn from the study. The members 
of the ECIL group published an editorial where they com- 
mented on this article, arguing in favor of European guidelines 
[234], 

For microbiologically documented infections, ECIL rec- 
ommends an antibiotic therapy of at least 7 days with 
microbiological eradication of the infection, resolution of clin- 
ical signs, and at least 4 days without fever [235], This 
recommendation is based on data from studies comparing antibi- 
otic monotherapies or combinations instead of various treatment 
durations. 

14.1. Conclusions 

For patients presenting with febrile neutropenia, the follow- 
ing antibiotic therapy durations may be prescribed in two very 
specific situations: 

• necrotizing fasciitis without clinical or microbiological doc- 
umentation (FUO), without signs of severity, stable patients: 
potential discontinuation (with or without reinitiation of the 
antibiotic prophylaxis) after 3 days of antibiotic treatment 
and apyrexia for more than 48 hours, with a 48-hour hospi- 
tal surveillance, and immediate reinitiation of the antibiotic 
therapy in case of fever reoccurrence. This strategy seems to 
be better suited for low-risk patients (solid tumors) than high- 
risk hematological patients for whom the level of evidence is 
lower; 

• microbiologically documented necrotizing fasciitis: at least 
until the end of neutropenia or for 7 days in case of fever > 4 
days, microbiological eradication, and resolution of clinical 
signs. 


Table 19 

References - febrile neutropenia. 
Bibliographie - neutropenie febrile. 


Reference 

Patients 

Method 

Treatment group 1 

Treatment group 2 

Number of 
patients or 
episodes 

Results 

Statistics 

Comments 

Hodgson- Viden 2005 

[236] 

Pediatrics 

Retrospective, 
monocenter study 

Antibiotic 

discontinuation 
with neutrophil 
count < 500 
cells/mm 3 

None 

112 patients 

Fever recurrence 

2/112 

No secondarily 
documented 

infection 


Feasible for 56% of 
patients 

Santolaya 1997 [228] 

Pediatrics 

Low-risk (FUO, 
hemodynamically 
stable, negative 
baseline cultures, 
CRP < 40 mg/1 on 
Day 1 and Day 2) 

Prospective, 
monocenter, 
randomized, 
open-label study 

IV antibiotic 

retention until 

fever and 

neutropenia 

resolution 

IV antibiotic 

discontinuation on 
Day 3 

39/36 

Favorable 

outcome: 36/39 
(92%) vs. 34/36 
(94%) 

No mortality 

P>0.5 

Exclusion of cohort 
patients: 163/238 
(68.5%) 

Klaassen 2000 [229] 

Pediatrics 

Low-risk 
(apyrexia > 24 
hours, negative 
blood cultures, no 
sepsis, disease 
remission, no 
comorbidity) 

Randomized, 
controlled, 
monocenter study 

Oral antibiotics 

administered at 

home 

No antibiotic 

37/36 

Fever recurrence: 
5/37 (14%) vs. 

2/36 (6%) 

P = 0.43 

Low-risk 

Kaplan 

1991 [237] 

Cohen J 1995 [240] 

Pediatrics 

Low-risk 

Pediatrics 

Low-risk 

Retrospective, 
cohort study 

Retrospective, 
cohort study 

Antibiotic 

duration: median 
of 4 days 

Antibiotic 

discontinuation if 
apyrexia, negative 
cultures at 48 

hours 

None 

None 

39 

32 

Fever recurrence: 
4/39 (10%) 

6 readmissions to 
hospital (18%) for 
fever (n = 4) or 
positive cultures 
after 48 hours 


Strategy applied to 

39/385 episodes (9%) 

Jones 1994 [238] 

Pediatrics 

Group I: solid 
tumors, leukemia 
in remission 

Group II: 
induction 
chemotherapy for 
leukemia patients 

Prospective, 
cohort study 

Antibiotic 

discontinuation in 

the absence of 
documentation, 
negative cultures 
at 48 hours, and 
apyrexia > 24 
hours 

None 

83 

Fever recurrence: 
3/50 (6%) group 

1, 15/33 (45%) 
group 2 


This strategy could 
not be applied for the 
induction 
chemotherapy 
administered to acute 
leukemia patients 
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Table 19 ( Continued ) 


Reference 

Patients 

Method 

Treatment group 1 

Treatment group 2 

Number of 
patients or 
episodes 

Results 

Statistics 

Comments 

Lehmbecher 

Pediatrics 

Retrospective 

Antibiotic 

None 

84 episodes 

No complication 


Solid tumors 

2002 [239] 

Low-risk 

study 

discontinuation at 



No readmission 


Feasible for 84/106 




72 hours if 
apyrexia > 24 
hours 



for fever 


(79%) episodes 

Slobbe 2009 [231] 

Hematology, 

Prospective, 

Imipenem 3 days 

None 

169 episodes 

Mortality: 3/169 

- 

Feasible for 53% of 


adults 

observational. 

Discontinuation in 



(1.7%) 


patients 


Neutropenia 10 

monocenter study 

the absence of 







days 

Fever of unknown 


documentation 







origin 

Fluoroquinolone 

prophylaxis 








Cherif 2004 [230] 

Hematology, 

Comparative, 

Antibiotic 

Antibiotic 

29/31 

Success: 23 (79%) 

No difference 

Recommendation 


adults 

non-randomized 

retention 48 hours 

discontinuation 48 


vs. 26 (83%) 

between the 

followed for 34% of 


Prospective 

study 

after apyrexia 

hours after 



groups 

FUO 


multicenter study 
Antibiotic intake 
for the past 3 days 



apyrexia 





Joshi 1994 [232] 

Adults 

Prospective, 

Antibiotic 

16 

16 

Failures 8/16 




FUO 

cohort study 

discontinuation 







Persistent fever 
and neutropenia 


after 4 days 






Pizzo 

Children and 

Randomized, 

Antibiotic 

Antibiotic 

33 

Infectious 

Significant 

Supporting antibiotic 

1979 [227] 

adults 

controlled study 

retention 

discontinuation 


complication 0/16 

difference 

retention until 


Neutropenia >7 





vs. 7/17 (41%) 


neutropenia correction 


days 

Apyrexia 





P= 0.007 




FUO: fever of unknown origin; IV: intravenous. 
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Table 20 

Proposals for studies of antibiotic therapy duration. 
Propositions d’ etudes sur la duree des antibiotherapies. 


Clinical presentation 

Duration of reference treatment 

Duration of short treatment to be 

assessed 

Acute community-acquired pneumonia 

7 days 

3 days 

Coagulase-negative Staphylococcus 
catheter-related bacteremia 

5 days 

Catheter removal without antibiotic 

administration 

Gram-negative bacillus, streptococcal, and 

10 days 

7 days 

enterococcal catheter-related bacteremia 

Sigmoiditis without surgery 

14 days 

7 days 

Cholecystitis without surgery 

14 days 

7 days 

UTI - Uncomplicated acute cystitis treated 

5 days 

3 days 

with pivmecillinam or nitrofurantoin 

Catheter-associated urinary tract infections 

Single-dose of co-trimoxazole 

5 days of co-trimoxazole 

following catheter removal 

Complicated upper reproductive tract 

14 days 

7 days 

infections, with surgery 

Bone and joint infections 

6 to 12 weeks in case of prosthetic 
joint infection 

Prosthetic joint infection = validate 

6-week treatment if prosthesis 
removal, regardless of one-step or 
two-step procedure 

High-risk febrile agranulocytosis without 
any documentation 

Clinical impact of two strategies (antibiotic discontinuation after 48 hours of apyrexia versus 
antibiotic retention until the end of aplasia) 


The main characteristics of studies considered in this analysis 
are presented in Table 19. 

15. Discussion - conclusion 

This work stresses the need for new well-conducted stud- 
ies evaluating treatment durations for some common infections. 
Studies are currently ongoing: PHRC PROSTASHORT (ran- 
domized placebo-controlled multicenter non-inferiority study 
comparing the efficacy of a short 7-day antibiotic therapy versus 
14 days of treatment in patients presenting with non-nosocomial 
acute prostatitis caused by fluoroquinolone-susceptible bacte- 
ria) or PHRC PCT (randomized placebo-controlled multicenter 
non-inferiority study comparing the efficacy of 3 days versus 7 
days of treatment in patients presenting with mild community- 
acquired acute pneumonia). 

Following the above-mentioned work focusing on existing lit- 
erature data, the Recommendation Group of the SPILF suggests 
specific study proposals (Table 20). 
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Abstract 

Objective. - We aimed to evaluate factors associated with knowledge of antibiotics and drug resistance. 

Methods. - A questionnaire was handed out by 14 family physicians to their patients between December 20, 2014 and April 20, 2015 in 
Rethel (North-East of France). We conducted a cross-sectional study using a logistical regression model to assess factors associated with antibiotic 
knowledge. Three criteria were used to assess that knowledge. 

Results. - Overall, 293 questionnaires were analysed; 48% of patients had received antibiotics in the previous 12 months. Only 44% and 26% 
gave a correct answer for the statements “Antibiotics are effective against bacteria and ineffective against viruses” and “Antibiotic resistance 
decreases if the antibiotic use decreases”, respectively. Characteristics such as female sex, age > 30 years, high level of education, high professional 
categories, and having received antibiotic information by the media were associated with high level of knowledge about antibiotics and/or antibiotic 
resistance. In contrast, having received antibiotic information from family physicians was not associated with good knowledge. 

Conclusion. - Although media awareness campaigns had an independent impact on a higher public knowledge of antibiotics, the overall public 
knowledge remains low. It would be necessary to strengthen antibiotic campaigns with clearer information on the relation between the excessive 
use of antibiotics and the increased risk of antibiotic resistance. Family physicians should be more involved to improve antibiotic knowledge among 
target groups such as men, young patients, and people from a poor social and cultural background. 

©2016 Elsevier Masson SAS. All rights reserved. 


Keywords: Antibiotics; Antibiotic resistance; Family physician 

Resume 

Objectifs. - Evaluer les facteurs associes aux connaissances des patients sur les antibiotiques et la resistance bacterienne. 

Methode. - Du 20/12/2014 au 20/04/2015, un questionnaire a ete distribue dans 14 cabinets medicaux de la ville de Rethel (Ardennes). Dans 
cette etude transversale analytique, les facteurs associes a la connaissance des antibiotiques ont ete identifies par une regression logistique. Trois 
criteres ont ete utilises pour evaluer le niveau de connaissance. 


* Corresponding author. 

E-mail address: fbanisadr@chu-reims.fr (F. Bani-Sadr). 
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Resultats. - Au total, 293 patients ont ete inclus dans l’etude. Une consommation d'antibiotiques dans l’annee etait notee dans 48 % des cas. 
Seulement 44 % et 26 % des patients savaient que les antibiotiques etaient efficaces contre les bacteries et inefficaces contre les virus et que la 
resistance aux antibiotiques diminuait si la prescription d’antibiotiques diminuait. Le sexe feminin, l’age > 30 ans, le niveau d'etude > baccalaureat, 
la profession cadre et/ou profession medicale et les informations regues dans les medias etaient les caracteristiques des patients independamment 
associees a une bonne connaissance des antibiotiques et/ou des resistances bacteriennes alors que les informations regues du medecin generaliste 
ne 1’ etaient pas. 

Conclusion. - Malgre l’efficacite des campagnes d’information sur 1’ education des patients, la connaissance des antibiotiques reste mediocre. 
Les campagnes mediatiques devraient done etre intensifies en etant plus claires sur le lien entre la resistance bacterienne et la consommation 
d’antibiotiques. Professionnels de sante et notamment medecins generalistes pourraient ameliorer la connaissance des antibiotiques au sein des 
categories peu informees (hommes, jeunes et personnes avec un faible niveau socioculturel). 

©2016 Elsevier Masson SAS. Tous droits reserves. 
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1. Introduction 

The annual consumption of antibiotics in France is one of the 
highest in Europe. It was estimated at 29.6 daily-defined doses 
(DDD) in 2012, while the mean European figure was 21.3 DDD. 
France was thus the fourth European country with the highest 
antibiotic consumption, after Greece, Romania, and Belgium 
while it was in first position from 1997 to 2002 [1,2]. Following 
the first awareness campaign aimed at the general public and 
family physicians (FPs) in 2002, a 16% decrease in antibiotic 
consumption was observed between 1999 and 2009 [3]. How- 
ever, the impact of such campaigns has lessened as a 5.9% yearly 
increase in the consumption of antibiotics may be observed since 
2010 [ 1 ], 

This high consumption is due to the excessive prescription of 
antibiotics for viral infections: more than a quarter of antibi- 
otics prescribed in community settings in 2009 [4], Patients 
asking FPs for antibiotics is one of the reasons of this high figure 
[5-7], The excessive consumption of antibiotics contributes to 
the emergence of highly resistant bacteria; which dissemination 
has increased worldwide [8,9]. To fight against the emergence of 
resistant bacteria, persuasive and/or restrictive measures aimed 
at FPs have been tested out in several countries: regular antibi- 
otic therapy training, access to educational material, withdrawal 
of some antibiotics from reimbursement, and/or antimicrobial 
susceptibility testing limited to five antibiotics [10,1 1]. Another 
action taken in this fight consists in improving patient knowl- 
edge to raise their awareness of bacterial resistance to antibiotics 
[12-15], 

We aimed to assess factors associated with antibiotic and 
antibiotic resistance knowledge among patients consulting their 
FP. We chose to conduct our study in the city and outskirt of 
Rethel in the Ardennes department (North-East of France). It is 
a rural area of 36,623 inhabitants in 2011, of whom 8053 lived 
in the city itself 1 16]. 

2. Patients and methods 

We contacted all medical practices in Rethel and in its outskirt 
between December 20, 2014 and April 20, 2015, and invited 
them to take part in our descriptive and cross-sectional study. 


We handed over 25 questionnaires (n = 350) in each recruited 
medical practice. To avoid any selection bias, we decided to ask 
every patient aged >18 years and every parent of children con- 
sulting at the recruited practices if they were willing to complete 
the questionnaire. The 25 first patients agreeing to complete the 
questionnaire were selected. 


2.1. Questionnaire design 

The questionnaire consisted of multiple choice questions 
with two or three answers to choose from (most often: 
yes/no/unknown), and of three sections: 


• the first section focused on epidemiological data; sex, age, 
occupation, parent of a child aged <16 years, smoking 
status, presenting with a long-term illness, benefiting from 
the universal medical coverage (French acronym CMU), 
presenting with diabetes/asthma/respiratory failure; number 
of years consulting that specific FP, number of consulta- 
tions/year, potential sources of information on antibiotics 
(media, social networks, relatives, FP); opinion related to 
antibiotics, self-medication, and antibiotic consumption in the 
previous 12 months; 

• the second section focused on the patient’s knowledge of 
antibiotics - target and activity (10 questions). We used the 
following ranking scale: one point per correct answer, no 
point allocated for incorrect or “unknown” answers. Scores 
ranged from 0 to 10. We used two specific criteria to define 
the meaning of “good knowledge of antibiotics”: 

o being aware of antibiotic target: effective against bacteria 
and ineffective against viruses, 
o having a score higher than the mean score obtained by the 
studied population, i.e., a score > 6/10. 

• the third section focused on bacterial resistance to antibiotics 
(6 questions) and used the same ranking system (scores from 
0 to 6). Good knowledge of bacterial resistance to antibiotics 
was defined by a score higher than the mean score of the 
studied population: > 3/6. 
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The questionnaire was first tested on 10 patients to assess its 
intelligibility as well as the time required to fill it in (approxi- 
mately 5 minutes). 

2.2. Legal consideration 

The IT file created for the purpose of the study was subjected 
to a declaration (no. 1860108v0) to the French Data Protection 
Authority (French acronym CNIL). 

2.3. Analysis 

We had initially divided the level of education into seven 
categories in the questionnaire, according to the last diploma 
received. We then chose to set as the reference variable high 
school graduation because results were similar for patients with 
a level of education higher than high school graduation. We 
also used the classification of occupational groups issued by the 
French National Institute for Statistics and Economic Studies 
(French acronym INSEE) in 2003 [17], 

Questionnaire results were analyzed using the Epi-info soft- 
ware 3.5. Quantitative variables were expressed as means 
(istandard deviation) and qualitative variables as frequencies 
and percentages. We used Chi 2 test (or Fischer’s exact test 
for smaller frequencies) to compare qualitative variables, and 
Mann-Whitney test for quantitative variables. The multivari- 
ate analysis was performed using a logistical regression model. 
All variables with a P-value<0.05 in the univariate analysis 
were included in the multivariate analysis. Results of the mul- 
tivariate analysis were expressed as odds ratios (OR) and their 
corresponding confidence intervals (95% Cl). The significance 
threshold was set at 5% (P< 0.05). 

3. Results 

A total of 14 medical practices (78%), out of 18 registered 
in the region, agreed to take part in the study (3 in the city of 
Rethel and 11 in the outskirt); 298 questionnaires out of the 
350 distributed were filled in. Five of them could not be used for 
the study purposes. A total of 293 questionnaires were included 
in the study (83%). 

3.1. Epidemiological characteristics of the studied 
population (Table la) 

Most participants were female patients (68%). Mean age was 
47.4 ± 16.3 years. Overall, 39% of patients had a child aged 
<16 years and 50% had achieved a level of education higher 
than high school graduation. Mean number of consultations per 
year with the FP was 5.6 ± 4.4. Mean time of follow-up by the 
medical practice was 13.2 ± 10.1 years. 

3.2. Antibiotic therapy: opinion, practice, and sources of 
information (Table lb) 

Overall, 61% of patients had a positive opinion of antibi- 
otics and 7% had a negative opinion. We observed that 48% of 


Table la 

Patient characteristics (n = 293). 
Caracteristiques des patients (n = 293). 



n 

(%) 

Sex: female 

199 

68 

Age 

< 30 years 

52 

18 

> 30 and < 55 years 

147 

50 

>55 years 

94 

32 

Level of education: higher than high school 

147 

50 

graduation 

Occupation: executive and senior executive 

37 

12 

positions, and medical occupations versus 
other ( retired people, unemployed people, 
students) 

Parent of a child aged <16 years: yes 

114 

39 

Having a relative working in the healthcare 

121 

41 

system: yes 

Regular use of the Internet or social 

206 

70 

networks: yes 

Smoking status: smoker 

77 

26 

Asthma or respiratory failure: yes 

36 

12 

Diabetes: yes 

27 

9 

Consultations with FP 

< 3 times/year versus 

54 

19 

> 3 times/year 

234 

81 

Consulting a medical practice - in town 

69 

23 

( versus in the outskirt) 

Patients presenting with a long-term illness: 

59 

20 

yes 

Patients benefiting from the universal 

16 

5 


medical coverage: yes 
FP: family physician. 


patients had taken antibiotics in the previous 12 months. Self- 
medication for themselves or for a relative was observed in 13% 
of patients. The main source of information for bacterial resis- 
tance to antibiotics was the media for 81% of patients and the 
FP for 32%. 


3.3. Knowledge of antibiotics (Table 2) 

Mean score of correct answers was 5.1 ± 2.7. We observed 
a 66% rate of correct answers to the statement: “Antibiotics 
are effective against bacteria”. However, patients also believed 
antibiotics to be effective against viruses and fungal infections 
(3 1 % and 29%, respectively). Overall, 44% of patients knew that 
antibiotics were effective against bacteria and ineffective against 
viruses; 19% also knew that they were ineffective against fungal 
infections. 

Twenty-two per cent of patients thought that antibiotics 
needed to be prescribed for rhinopharyngitis and 54% for bron- 
chitis or influenza. They also believed antibiotics helped in 
achieving a quicker recovery, regardless of the infection (45% of 
cases). Besides, only 27% of patients were aware of the impact 
of antibiotics on the commensal flora. 
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Table lb 

Opinion, experience, and sources of information regarding antibiotics and antibi- 
otic resistance (n = 293). 

Opinion, experience et sources d’ informations concernant les antibiotiques et 
la resistance bacterienne aux antibiotiques (n = 293). 



n 

(%) 

Opinion related to antibiotics 

Positive 

178 

61 

Negative 

22 

7 

No opinion 

93 

32 

Self-medication for antibiotic use: yes 

39 

13 

(versus no) 

Antibiotic consumption in the previous 

12 months 

Yes 

140 

48 

No 

133 

46 

Unknown 

18 

6 

Bacterial resistance to antibiotics 

Relative who contracted an infection 
caused by a resistant bacterium 

Yes 

44 

15 

No 

189 

64 

Unknown 

60 

21 

Information received by the media: yes 

238 

81 

(versus no) 

Discussion with the FP: yes (versus no) 

94 

32 


FP: family physician. 


3.4. Knowledge of bacterial resistance to antibiotics 
(Table 2) 

Mean score of correct answers was 2.7 ± 1.7. The response 
rate for “unknown” answers was between 30% and 48% depend- 
ing on questions. Overall, 65% of patients were aware of the 
growing epidemiology of highly resistant bacteria worldwide, 
and 46% knew about the associated risk of death. However, only 


26% of patients knew that “resistance to antibiotics decreases 
with antibiotic prescription reduction”. 

3.5. Factors associated with antibiotic knowledge 
(Tables 3, 4a and 4b) 

Patient characteristics significantly associated with antibiotic 
knowledge defined by the previously set criterion (being aware 
of antibiotic target, i.e. antibiotics are effective against bacteria 
and ineffective against viruses) or by the criterion related to a 
score of correct answers > 6/10, were similar in both univariate 
analyses: age, sex, level of education, occupation, regular use 
of the Internet, number of consultations per year with the FP, 
having been informed by the media, presenting with asthma or 
respiratory failure, benefiting from the universal medical cover- 
age, not being aware whether or not a relative had contracted an 
infection caused by a highly resistant bacterium, and not being 
aware of one’s own recent antibiotic consumption (Table 3). 
Patients aged 55-70 years and >70 years were grouped together 
as their scores were similar. 

The results of the multivariate analysis revealed that char- 
acteristics such as female patients, a level of education higher 
than high school graduation, the number of consultations per 
year (< 3), and getting information from the media were signif- 
icantly associated with good knowledge of antibiotics, defined 
as being aware of the antibiotic target and by the score of correct 
answers. However, characteristics such as being aged < 30 years, 
presenting with respiratory failure or asthma, and not knowing 
whether or not a relative had contracted a highly resistant bacte- 
rial infection were associated with poor knowledge of antibiotics 
(Tables 4a and 4b). Patients benefiting from the universal medi- 
cal coverage and belonging to higher occupational categories 
were also associated with knowledge of antibiotics, as defined 
by the score of correct answers. 


Table 2 

Knowledge of antibiotics and antibiotic resistance. 

Evaluation de la connaissance des antibiotiques et de la resistance bacterienne aux antibiotiques. 

True False Unknown 

n (%) n {%) n (%) 


Antibiotics are effective 


Against bacteria 

194 

(66) 

36 

(12) 

63 

(21) 

Against viruses 

91 

(31) 

146 

(50) 

56 

(19) 

Against mycosis 

85 

(29) 

90 

(31) 

118 

(40) 

In case of a fever, regardless of its origin 

60 

(20) 

184 

(63) 

49 

(17) 

In case of a cough, regardless of its origin 

54 

(18) 

195 

(67) 

44 

(15) 

In case of fatigue, regardless of its origin 

16 

(5) 

225 

(77) 

52 

(18) 

Antibiotics help recover 







More rapidly from an infection, regardless of its cause 

131 

(45) 

115 

(39) 

47 

(16) 

From rhinopharyngitis 

65 

(22) 

189 

(64) 

39 

(13) 

From bronchitis or influenza 

159 

(54) 

87 

(30) 

47 

(16) 

Antibiotics are ineffective against bacteria that are naturally present in humans (skin and digestive tube) 

52 

(IB) 

79 

(27) 

162 

(55) 

Bacterial resistance to antibiotics 







Bacterial resistance to antibiotics decreases if antibiotic prescriptions are reduced 

75 

(26) 

93 

(32) 

124 

(42) 

Bacterial resistance to antibiotics is a problem strictly limited to hospital or nursing home settings 

12 

(4) 

174 

(60) 

106 

(36) 

Antibiotic resistance is not important because new antibiotics are regularly being discovered 

56 

(19) 

101 

(35) 

135 

(46) 

The prevalence of bacteria highly resistant to antibiotics are increasing worldwide 

190 

(65) 

13 

(4) 

89 

(30) 

Bacteria resistant to antibiotics can be transmitted to someone who has not received any antibiotics 

108 

(37) 

63 

(22) 

121 

(41) 

Bacteria resistant to all antibiotics have already been the cause of deaths 

135 

(46) 

17 

(6) 

140 

(48) 


4 ^ 

ON 


Table 3 

Factors associated with knowledge of antibiotics and antibiotic resistance-univariate analysis. 

Facteurs associes a la connaissance des antibiotiques et de la resistance des bacteries aux antibiotiques - analyse univariee. 


Factors 

Antibiotic target 

OR (95% Cl) 

P 

ATB score 

OR (95% Cl) 

P 

R score 

OR (95% Cl) 

P 

Sex 










Male 

34 

1 


37 

1 


56 

1 


Female 

49 

1.88(1.12-3.12) 

0.014 

54 

2.00(1.21-3.30) 

0.006 

52 

0.84 (0.51-1.38) 

0.51 

Age 










<30 years 

35 

0.44 (0.22-0.85) 

0.001 

40 

0.46 (0.24-0.88) 

0.01 

50 

0.75 (0.39-1.41) 

0.37 

> 30 and < 55 years 

54 

1 


59 

1 

9 

57 

1 


>55 years 

Level of education 

34 

0.43 (0.25-0.73) 

0.001 

37 

0.40 (0.24-0.69) 

<0.001 

50 

0.75 (0.44-1.26) 

0.27 

Higher than high school graduation 

62 

4.45 (2.71-7.31) 

<0.001 

69 

5.43 (3.29-8.96) 

0.001 

65 

2.47 (1.54-3.96) 

<0.001 

Lower than high school graduation 

27 

1 


29 

1 


42 

1 


Executive and senior executive positions, and medical occupations 

73 

4.01 (1.86-8.63) 

<0.001 

83 

6.64 (2.67-16.47) 

<0.001 

73 

2.61 (1.21-5.26) 

0.01 

Versus other occupations 

Parent of a child aged <16 years 

40 

1 


44 

1 


51 

1 


Yes 

51 

1.53 (0.95-2.47) 

0.07 

55 

1.52 (0.95-2.45) 

0.08 

52 

0.88 (0.55-1.41) 

0.62 

No 

40 

1 


45 

1 


55 

1 


Having a relative working in the healthcare system 










Yes 

48 

1.27 (0.80-2.04) 

0.30 

51 

1.18 (0.74-1.88) 

0.48 

56 

1.19(0.74-1.90) 

0.45 

No 

42 

1 


47 

1 


52 

1 


Regular use of the Internet 










Yes 

50 

2.48 (1.45-4.26) 

<0.001 

57 

3.46 (2.00-5.98) 

<0.001 

55 

1.21 (0.73-2.01) 

0.45 

No 

29 

1 


28 

1 


50 

1 


Information received from the media 










Yes 

50 

3.52(1.77-7.01) 

<0.001 

55 

4.38 (2.20-8.73) 

<0.001 

59 

3.54(1.87-6.69) 

<0.001 

No 

22 

1 


22 

1 


29 

1 


Information received by the family physician 










Yes 

44 

0.95 (0.58-1.56) 

0.86 

48 

0.94 (0.57-1.54) 

0.83 

60 

1.42 (0.87-2.35) 

0.16 

No 

45 

1 


49 

1 


51 

1 


Smoking status 










Smoker 

40 

0.80 (0.47-1.36) 

0.42 

42 

0.67 (0.40-1.14) 

0.15 

53 

0.97 (0.57-1.63) 

0.91 

Non-smoker 

46 

1 


51 

1 


54 

1 


Presenting with diabetes 










Yes 

33 

0.59 (0.25-1.38) 

0.22 

30 

0.40 (0.17-0.96) 

0.036 

48 

0.78 (0.35-1.73) 

0.55 

No 

45 

1 


51 

1 


54 

1 
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Table 3 ( Continued ) 


Factors 

Antibiotic target 

OR (95% Cl) 

P 

ATB score 

OR (95% Cl) 

P 

R score 

OR (95% Cl) 

P 

Presenting with respiratory failure or asthma 









Yes 

17 

0.21 (0.08-0.53) 

<0.001 

22 

0.25 (0.11-0.58) 

<0.001 

50 

0.84 (0.42-1.70) 

0.64 

No 

48 

1 


52 

1 


54 

1 


Presenting with a i 

long-term illness 









Yes 

34 

0.57 (0.31-1.05) 

0.07 

37 

0.55 (0.30-0.99) 

0.047 

54 

1.03 (0.58-1.83) 

0.91 

No 

47 

1 


52 

1 


53 

1 


Benefiting from the universal medical coverage 









Yes 

12 

0.16(0.03-0.74) 

0.006 

6 

0.06 (0.01-0.48) 

<0.001 

56 

1.12(0.40-3.11) 

0.81 

No 

46 

1 


51 

1 


53 

1 


Consulting a medical practice in town 









Yes 

39 

0.75 (0.43-1.30) 

0.32 

48 

0.95 (0.55-1.63) 

0.85 

49 

0.79 (0.46-1.36) 

0.41 

No 

46 

1 


49 

1 


55 

1 


Self-medication 










Yes 

51 

1.37 (0.70-2.70) 

0.35 

49 

0.99 (0.50-1.95) 

0.99 

51 

0.89 (0.45-1.76) 

0.76 

No 

43 

1 


49 

1 


54 

1 


Number of consultations per year 









<3 

63 

2.53(1.37-4.66) 

0.002 

68 

2.72(1.44-14.82) 

0.001 

54 

1.01 (0.55-1.83) 

0.97 

>3 

40 

1 


44 

1 


53 

1 


Number of years consulting the same medical practice 








< 3 years 

38 

0.73(0.40-1.36) 

0.33 

47 

0.96 (0.53-1.75) 

0.91 

60 

1.43 (0.78-2.63) 

0.24 

> 3 years 

45 

1 


48 

1 


51 

1 


Recent antibiotic consumption 









Yes 

48 

4.21 (1.16-15.19) 

0.018 

48 

4.58(1.27-16.55) 

0.002 

55 

9.77 (2.16-44.1) 

<0.001 

No 

46 

4.36(1.20-15.79) 

0.016 

54 

5.90(1.63-21.34) 

0.002 

59 

11.34 (2.50-51.35) 

<0.001 

Unknown 

17 

1 


17 

1 


11 

1 


Opinion related to antibiotics 









Positive 

48 

1.51 (0.90-2.52) 

0.11 

52 

1.54 (0.93-2.57) 

0.09 

57 

1.77(1.07-2.95) 

0.02 

Negative 

45 

1.38(0.54-3.52) 

0.49 

59 

2.09 (0.81-5.37) 

0.12 

68 

2.83 (1.65-7.61) 

0.03 

No opinion 

38 

1 


41 

1 


43 

1 


Relative who contracted an infection caused by 

a resistant bacterium 








Yes 

54 

3.94(1.69-9.15) 

0.001 

57 

3.94(1.71-9.09) 

<0.001 

64 

2.81 (1.25-6.29) 

0.01 

No 

49 

3.11 (1.60-6.04) 

<0.001 

54 

3.59(1.87-6.88) 

<0.001 

59 

2.05 (1.13-3.72) 

0.02 

Unknown 

23 

1 


25 

1 


38 

1 



R score: score related to knowledge of bacterial resistance to antibiotics. 
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Table 4a 

Factors associated with knowledge of antibiotics (knowledge of the target) - multivariate analysis. 

Facteurs associes aux comiaissances sur les antibiotiques (connaissance de la cible des antibiotiques ) - analyse multivariee. 



OR 

95% Cl 

P 

Age: > 30 and < 55 versus < 30 years 

2.63 

1.17-5.88 

0.018 

> 30 and < 55 versus > 55 years 

0.95 

0.46-1.94 

0.890 

Recent antibiotic consumption: unknown versus yes and no 

0.55 

0.12-2.42 

0.432 

Higher than high school graduation 

4.06 

2.11-7.81 

<0.001 

Benefiting from the universal medical coverage 

0.40 

0.07-2.25 

0.215 

Presenting with respiratory failure or asthma 

0.19 

0.06-0.61 

0.003 

Information on bacterial resistance to antibiotics received from the media 

3.04 

1.35-6.83 

0.006 

Relative who contracted an infection caused by a resistant bacterium: unknown versus yes 
and no 

0.36 

0.16-0.78 

0.010 

Occupation: executive and senior executive positions, and medical occupations versus 
other 

2.31 

0.91-5.81 

0.076 

Regular use of the Internet or social networks 

1.22 

0.58-2.53 

0.590 

Sex (women vs men) 

2.69 

1.40-5.16 

0.002 

Consultation with the family physician: < 3 versus > 3 per year 

2.80 

1.27-6.17 

0.010 


Table 4b 

Factors associated with knowledge of antibiotics (score > mean) - multivariate analysis. 

Facteurs associes aux connaissances sur les antibiotiques (score superieur a la moyenne) - analyse multivariee. 

Factors 

OR 

95% Cl 

P 

Age: > 30 and < 55 versus < 30 years 

2.93 

1.24-6.88 

0.013 

> 30 and < 55 versus > 55 years 

0.91 

0.41-1.98 

0.813 

Recent antibiotic consumption: unknown versus yes and no 

0.46 

0.10-2.18 

0.334 

Higher than high school graduation 

5.44 

2.70-10.96 

<0.001 

Benefiting from the universal medical coverage 

0.10 

0.01-0.96 

0.046 

Presenting with a long-term illness 

1.27 

0.49-3.26 

0.614 

Presenting with diabetes 

1.47 

0.39-5.55 

0.561 

Presenting with respiratory failure or asthma 

0.21 

0.07-0.61 

0.004 

Information on resistance to antibiotics received from the media 

4.62 

1.95-10.92 

<0.001 

Having a relative who contracted an infection caused by a resistant bacterium: unknown 

0.28 

0.12-0.65 

0.002 

versus yes and no 




Occupation: executive and senior executive positions, and medical occupations versus other 

3.27 

1.08-10.17 

0.035 

Regular use of the Internet or social networks 

1.86 

0.86^4.02 

0.109 

Sex (women vs male) 

3.60 

1.77-7.29 

<0.001 

Consultation with the family physician: < 3 versus > 3 per year 

3.55 

1.46-8.60 

0.005 


3.6. Factors associated with knowledge of bacterial 
resistance to antibiotics (Tables 3 and 4c) 

The results of the multivariate analysis revealed that patient 
characteristics associated with good knowledge of bacterial 
resistance to antibiotics were a level of education higher than 
high school graduation, belonging to higher occupational cate- 
gories, getting information from the media, and having a specific 
opinion about antibiotics - positive or negative versus no opin- 
ion. Not knowing whether or not one had received antibiotics 
was associated with poor knowledge of bacterial resistance to 
antibiotics. 

4. Discussion 

We conducted the study from 2014 to 2015 in Rethel, a small 
city in the North-East of France, and its outskirt. Our study 
results show that knowledge of antibiotics (target and relation 
between consumption and emergence of bacterial resistance) is 
suboptimal. 


4.1. Knowledge of antibiotic target and indications 

Only 66% of patients answered correctly to the statement: 
“Antibiotics can be used to treat bacterial infections”. This figure 
is similar to that observed in the United States in 2003 (66%) 
as well as in a meta-analysis of 65% of studies conducted in 
western countries between 2000 and 2013 (66%) [18,19], 

To the statement: “Antibiotics are effective against viruses”, 
50% of interviewed individuals declared not to be aware of the 
answer. This percentage is quite similar to that observed in the 
same above-mentioned meta-analysis (54%), but it is higher 
that the European average estimated at 40% in the 2013 Euro- 
barometer - a European study aiming at evaluating antibiotic 
consumption and knowledge of antibiotics [ 19,20]. It must how- 
ever be noted that, in the Eurobarometer, French individuals 
answered correctly in 59% of cases. Geographical differences 
related to knowledge of antibiotics could explain this lack of 
harmony. Thus, the results of a study conducted in Grenoble in 
2012 showed that only 25% of interviewed individuals answered 
incorrectly [21], 
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Table 4c 

Factors associated with knowledge of antibiotic resistance - multivariate analysis. 

Facteurs associes aux connaissances sur la resistance des bacteries aux antibiotiques - analyse multivariee. 
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OR 

95% Cl 

P 

Recent antibiotic consumption: unknown versus yes and no 

0.14 

0.02-0.68 

0.015 

Higher than high school graduation 

1.72 

1.03-2.89 

0.038 

Information on bacterial resistance to antibiotics received from the media 

3.11 

1.58-6.12 

0.001 

Opinion related to antibiotics: positive and negative opinion versus no opinion 

1.92 

1.11-3.29 

0.018 

Relative who contracted an infection caused by a resistant bacterium: unknown versus yes and no 

0.58 

0.30-1.09 

0.093 

Occupation: executive and senior executive positions, and medical occupations versus other 

2.37 

1.00-5.60 

0.049 


The target of antibiotics was only known by 44% of individ- 
uals. The action of antibiotics on bacteria alone is thus far from 
being known by the general population. The lack of precision 
for the term “antibiotic” might explain this high figure. Using 
the term “antibacterial” might help patients clearly understand 
the role of these drugs. 

The absence of antibiotic indication for rhinopharyngi- 
tis is known by 64% of patients; this figure is similar to 
the French score observed in the 2013 Eurobarometer (64%) 
[20], Nevertheless, the percentage of incorrect answers has 
not improved over time: 22% in 2002 and 22% in our study 

[7]. 

Answers related to antibiotic effectiveness in case of bron- 
chitis or influenza are far from being optimal, with 70% of 
incorrect answers, while bronchitis is the first viral cause of 
antibiotic consumption in France. More than three-quarters of 
bronchitis case patients are indeed treated with antibiotics [4], 
This disappointing score is, however, close to that observed in 
other studies: 67% in an Austrian study published in 2013 [22], 
and 92%, 88%, and 74% in three American studies published 
in 2003 and 2005 [18,23,24], Similarly, 92% of interviewed 
individuals in Norway in 2009 thought that bronchitis with yel- 
lowish expectoration had to be treated with an antibiotic therapy 
[25], 

4.2. Knowledge of bacterial resistance to antibiotics 

Most patients had already heard about bacterial resistance 
to antibiotics in the media (81%), knew that it was a grow- 
ing problem worldwide (65%), and that it was not restricted 
to hospital or nursing home settings (60%). In the 2013 Euro- 
barometer, 85% of French respondents answered correctly to 
the statement: “The excessive consumption of antibiotics leads 
to their inefficacy”. However, only 26% of our study popula- 
tion was aware of the relation between bacterial resistance and 
antibiotic overconsumption. This discrepancy could be due to 
the lack of clarity of the Eurobarometer statement compared 
with ours, i.e. “Resistance to antibiotics decreases if antibiotic 
prescriptions are reduced”. The transmission mode of resistant 
bacteria is also poorly known; 37% of our study participants 
did not know that bacteria resistant to antibiotics could be trans- 
mitted to someone who had not taken any antibiotics. Unlike 
a study conducted in Greece in 2011 (50%), very few people 
(19%) believed the launch of new antibiotics could solve the 
issue of bacterial resistance [26]. 


4.3. Population at risk of limited knowledge related to 
antibiotics 

4.3.1. Men 

In our study, as well as in others, women had better knowl- 
edge of antibiotics than men, regardless of their occupation 
or level of education [13,20,22,27,28]. We noticed that moth- 
ers are more likely to take their child to the physician’s office 
than fathers [21,25,29,30]. Also, the consumption of antibiotics 
among women is higher than in men, mainly because of a higher 
incidence of cystitis. Both of these factors could partly explain 
women’s better knowledge of antibiotics as compared with men 
[3,20], 

4.3.2. Individuals with a level of education lower than high 
school graduation 

Similar to the results of various studies, the level of 
education is also an independent factor associated with knowl- 
edge of antibiotics and of bacterial resistance to antibiotics 
[13,14,20,22,23,27-29,31], In the 2013 Eurobarometer, 32% 
of interviewed individuals who had completed their studies at 
20 years old or above answered correctly to all questions, ver- 
sus only 14% of individuals who had dropped out of school after 
15 years old or below [20]. It would therefore be interesting to 
make pupils and students aware of antibiotic resistance issues 
as early as secondary school. 

4.3.3. Individuals aged below 30 years 

Our study results indicate that younger people are more likely 
to know less about antibiotics than older individuals, as observed 
in other studies [7,18,22,28], However, the results of some 
studies indicated that younger people obtained better scores 
[14,20,29]. This could be explained by the differences across 
countries and by the age limit used. 

4.4. Patients presenting with respiratory failure or asthma 

Poor knowledge of antibiotics was observed in patients pre- 
senting with respiratory failure and/or asthma. This population 
has never been studied in similar studies. As the use of antibi- 
otics [32] may sometimes be required for bronchitis, even when 
a viral origin is suspected, it may have given these patients the 
wrong impression about the use of antibiotics in this situation. 
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4.5. Occupation 

We observed that the category “executive and senior execu- 
tive positions, and medical occupations” was an independent 
factor associated with good knowledge of antibiotics. Other 
studies did not assess the occupation criterion as a variable, 
but rather focused on income. A positive association was thus 
observed between high income and good knowledge [14,20]. 
Thus, in the 2013 Eurobarometer, a quarter of interviewed indi- 
viduals who almost never had any difficulties in paying their bills 
answered correctly to the questions, versus 16% of people who 
found it most often difficult to pay their bills [20] . The authors of 
an English study conducted in 2007 observed that a poor social 
background and poor knowledge of antibiotics were associated 
(OR 4.9, 95% Cl 3. 5-6. 3, R< 0.001) [13]. We observed, in our 
study, that benefiting from the universal medical coverage was 
also an independent factor associated with poor knowledge of 
antibiotics as defined by the score obtained at the questionnaire. 

4.6. Sources of information - impact of the media 

In 2013, France was the first European country in terms of 
information received by patients on antibiotics, with 65% of 
French people declaring to have learned about antibiotics in 
the media in the previous 12 months [20]. This was also con- 
firmed in our study, with 80% of respondents having received 
at least one piece of information from the media. The conveyed 
information is also an independent factor in terms of knowl- 
edge of antibiotics and of bacterial resistance to antibiotics. The 
impact of these media campaigns was also observed in the 2013 
Eurobarometer, with a positive relation between the level of 
knowledge related to antibiotics and being told not to make an 
excessive use of them. Among people informed about antibi- 
otics, 62% of those with good knowledge mentioned the media 
as their source of information versus 45% of those with poor 
knowledge [20]. Access to the Internet and social networks was 
not associated with good knowledge of antibiotics in our study. 
Knowledge of antibiotics thus depends on the implementation 
of active educational measures using media campaigns. 

Paradoxically, family physicians were rarely the source of 
information (32%) in our study, and are not associated with 
good knowledge of antibiotics. This result is similar to the one 
observed in the 2013 Eurobarometer: only 26% of interviewed 
people with good knowledge had been informed by healthcare 
professionals versus 44% of those with poor knowledge. Find- 
ings from an Austrian study conducted in 2010-2011 showed 
that people mentioning the media or the Internet as their source 
of information also got a better score than those declaring to get 
information from their family physician. However, family physi- 
cians were the main source of information for patients with a low 
level of education [22] . The same was observed in the 2013 Euro- 
barometer: people who had dropped out of school early were 
more likely to get informed by their FP than those with a higher 
level of education (41% versus 28%). 

The opposite relation was, however, observed in our study 
for antibiotic knowledge and the number of yearly consulta- 
tions with the FP. Also, a higher number of consultations was 


associated with an excessive consumption of antibiotics. Family 
physicians should therefore be made aware of their educational 
role with people considered at risk in this study. 

4. 7. Strengths and limitations 

Our study participation rates were 78% for family physicians 
and 83% for patients. Our sample (n = 293) was representative of 
patients consulting in general medicine, with a higher number of 
female patients (68%) [21,25,29,30] and a similar percentage of 
patients presenting with a long-term illness than those observed 
at the department (Ardennes) level in 2008 (20% versus 19%) 
[33]. Forty-eight per cent of patients declared to have received an 
antibiotic treatment in the previous 12 months. This percentage 
is similar to that observed in the 2013 Eurobarometer (44%), 
the European average being 35% [20], However, this figure may 
be partly overestimated because of incorrect answers given by 
some patients, due to their poor knowledge of this drug class. 

Thirteen per cent of patients declared to have already self- 
medicated themselves or a relative with antibiotics. This figure 
is similar to the 12% figure observed in France in 2002 [7 1 . How- 
ever, a lower figure was observed for patients benefiting from 
the universal medical coverage: 5% versus 10.4% in 2014 in the 
Ardennes department [33,34], Besides, the percentage of immi- 
grant patients has not been assessed in our study, but language 
barrier has never been an issue for completing questionnaires. 

5. Conclusion 

Despite the positive impact of awareness campaigns on 
patient education, knowledge of antibiotics remains rather poor 
overall. Only a quarter of patients know that reducing antibi- 
otic consumption is one of the means to fight against bacterial 
resistance. Media campaigns should therefore be intensified and 
should better highlight the relation between bacterial resistance 
and antibiotic consumption. Healthcare professionals and family 
physicians should help improve knowledge of antibiotics among 
poorly informed people (men, young people, and individuals 
from a poor social and cultural background). Explicative posters 
and patient evaluation questionnaires with information provided 
by family physicians should be considered. 
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Abstract 

Objective. - We assessed the in vitro activity of ceftobiprole on 440 Staphylococcus aureus clinical strains isolated from bronchopulmonary 
infections (2010-2014). 

Methods. - S. aureus isolates were characterized for methicillin resistance, PVL status, and clonal complex. All isolates were tested for minimal 
inhibitory concentrations (MIC) determination by broth microdilution method for ceftobiprole, ceftaroline fosamil, and comparator antibiotics 
(linezolid, tigecycline, vancomycin, and daptomycin). 

Results. - A total of 325 (74%) strains were methicillin-susceptible S. aureus (MSS A) and 115 (26%) were methicillin-resistant S. aureus 
(MRSA); 105 (24%) 5. aureus strains were PVL-positive, including 35.2% (37/105) MRSA and 64.8% (68/105) MSSA. Ceftobiprole was highly 
active against 5. aureus with MIC 90 of 1 mg/L, MICs ranging between 0.12 and 4mg/L (only one resistant strain, MIC of 4 mg/L). MIC 50 and 
MIC 90 were twice lower in MSSA than MRSA. Moreover, PVL + MRSA were slightly more susceptible to ceftobiprole (MIC 50 of 0.5 mg/L and 
MIC 90 of 1 mg/L) than PVL~ MRSA (MIC 50 and MIC 90 of 1 mg/L). The ceftobiprole-resistant strain was also resistant to ceftaroline fosamil 
and presented the D239L mutation in PBP2A. The comparator antibiotics were equally active on the strains tested, with MIC 90 of 0.5 mg/L for 
ceftaroline fosamil, tigecycline, and daptomycin; 1 mg/L for vancomycin; and 2 mg/L for linezolid. 

Conclusions. - Our results suggest that ceftobiprole is highly active against 5. aureus and is an effective alternative to vancomycin or linezolid 
in the management of staphylococcal pneumonia. However, close monitoring of isolates should be maintained to prevent resistant strain diffusion. 
©2016 Elsevier Masson SAS. All rights reserved. 
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Resume 

Objectifs. - Nous avons teste P activite in vitro du ceftobiprole sur une serie franjaise de 440 souches de Staphylococcus aureus, toutes isolees 
d’infections broncho-pulmonaires entre 2010 et 2014. 

Methodes. - Nous avons utilise une methode par microdilution pour determiner les concentrations minimales inhibitrices (CMI) de ceftobiprole, 
ceftaroline, linezolide, tigecycline, vancomycine et daptomycine, et avons recherche la resistance a la meticilline et le portage de la PVL. 

Resultats. - Nous avons recense 325 (74 %) S. aureus sensibles a la meticilline (SASM), 115 (26 %) resistants (SARM) et 105 porteurs de la 
PVL, dont 68 SASM et 37 SARM. Le ceftobiprole etait tres actif sur S. aureus, avec une CMI 90 de 1 mg/L. Une seule souche etait resistante avec 
une CMI de 4 mg/L, egalement resistante a la ceftaroline. Les SARM presentaient des CMI 50 et CMI 90 au ceftobiprole deux fois superieures a 
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celles des SASM. Les SARM porteurs de la PVL y etaient legerement plus sensibles que les SASM non porteurs (CMI 50 a 0,5 mg/L et 1 mg/L, 
respectivement). Les autres antibiotiques anti-staphylococciques testes etaient egalement actifs sur 5. aureus, avec des CMI 90 a 0,5 mg/L pour 
ceftaroline, tigecycline et daptomycine, 1 mg/L pour vancomycine et 2 mg/L pour linezolide. 

Conclusions. - Le ceftobiprole est tres actif sur S. aureus et constitue une bonne alternative a la vancomycine ou au linezolide dans les pneu- 
mopathies staphylococciques. Cependant, il est important de suivre revolution de cette sensibilite au cours du temps afin de detecter l’emergence 
et la diffusion des souches resistantes. 

©2016 Elsevier Masson SAS. Tous droits reserves. 
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1. Introduction 

Ceftobiprole medocaril is the prodrug form of ceftobiprole, 
a new subclass of cephalosporin with an activity against 
Gram-positive bacteria, including methicillin-resistant Staphy- 
lococcus aureus (MRSA) and Gram-negative bacteria. Just like 
other (3-lactams, ceftobiprole blocks peptidoglycan cell wall 
synthesis by binding to penicillin-binding proteins (PBPs). 
The peculiar characteristic of ceftobiprole is its high affinity 
for PBP2a, involved in methicillin resistance of S. aureus. 
Ceftobiprole has recently been approved in Europe for the 
treatment of community-acquired pneumonia (CAP) and 
hospital-acquired pneumonia (HAP) (excluding ventilator- 
associated pneumonia) in adults, where the incriminating 
pathogens are multidrug-resistant [1], 

S. aureus is a major pathogen in humans, responsible for var- 
ious types of infections, including pneumonia [2], In France, 
S. aureus pneumonia accounts for 12.6% of CAP [ 3] and a large 
proportion of HAP [4], An early effective treatment is essen- 
tial for S. aureus pneumonia management, and affects patient 
outcomes [5], Moreover, some S. aureus strains producing 
Panton- Valentine leukocidin (PVL) can induce life-threatening 
necrotizing pneumonia, which urgently requires both bacteri- 
cidal and antitoxin treatment against S. aureus [6], 

Several studies have shown that ceftobiprole was very 
effective against pathogens isolated from hospitalized patients, 
including S. aureus and MRSA [7-10], Nevertheless, it is essen- 
tial to monitor the antimicrobial activity of ceftobiprole on 
bacteria involved in bronchopulmonary infection (which is the 
on-label indication of ceftobiprole), and notably on S. aureus and 
MRSA isolated in a country-specific setting, to detect potential 
changes in susceptibility pattern. 

We aimed to study the in vitro activity of ceftobiprole on 440 
S. aureus clinical strains, all isolated from bronchopulmonary 
infections in French patients between 2010 and 2014. S. aureus 
isolates were characterized for methicillin resistance, PVL sta- 
tus, and clonal complex (CC) to then analyze the susceptibility 
to ceftobiprole in various S. aureus genotypes. 

2. Materials and methods 

2.1. Bacterial strains 

A total of 440 S. aureus strains were selected among French 
Staphylococci National Reference Center (Staphylococci NRC, 
Lyon, France) collections from 2010 to 2014. All S. aureus 


strains were isolated from respiratory infections, in French 
clinical laboratories, and sent to the Staphylococci NRC, 
either because of clinical severity of symptoms or because 
of particular antibiotic resistance patterns. Thirty-three per 
cent of S. aureus strains were isolated from tracheal aspirates, 
26% from bronchoalveolar lavage fluid, 20% from sputum 
(including 8% from cystic fibrosis patients), 9% from pleural 
effusion, 8% from blood culture during pneumonia, and 
4% from lung biopsy and abscesses. Species identification 
was confirmed at the Staphylococci NRC by MALDI-TOF 
(Matrix-Assisted Laser Desorption/Ionization-Time of Light) 
mass spectrometry, VitekMS (BioMerieux®). S. aureus strains 
were stored at -20 °C. All isolates were characterized using 
S. aureus Genotyping Kit 2.0 Alere Technologies GmbH (Jena, 
Germany). When needed, the mecA gene was sequenced as 
previously described [11], 

2.2. Susceptibility testing method 

All isolates were tested for minimal inhibitory concentra- 
tion (MIC) determination by broth microdilution method using 
validated commercially prepared panels, Sensititre Trek Diag- 
nostic Systems, Life Technologies Europe (Naerum, Denmark), 
in Mueller-Hinton broth for ceftobiprole, ceftaroline fosamil, 
and comparator antimicrobial agents (linezolid, tigecycline, van- 
comycin, and daptomycin). Susceptibility interpretation was 
based on EUCAST breakpoints [12]. 

3. Results 

3.1. Epidemiological distribution of S. aureus strains 
isolated from bronchopulmonary infections 

Among the 440 S. aureus strains isolated from bronchopul- 
monary infections, 325 (74%) were methicillin-susceptible 
S. aureus (MSSA) and 115 (26%) were methicillin-resistant 
S. aureus (MRSA), based on mecA gene presence. No mecC 
was detected among all selected strains. With regard to PVL 
status, 105 (24%) S. aureus strains carried luk-PV gene, 35.2% 
were MRSA strains (37/105) whilst 64.8% (68/105) were MSSA 
strains. 

With regard to the genetic background, 216 strains (49.9%) 
belong to the agrl group, 106 strains (24.5%) to agr2, 91 strains 
(2 1 .0%) to agr3, and 20 strains (4.6%) to the agr4 group. Overall, 
S. aureus clustered within 26 clonal complexes; most isolates 
clustered into the CC8 (69/440, 15.7%), CC5 (61/440, 13.9%), 
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Table 1 

Molecular characterization of S. aureus strains isolated from bronchopulmonary infections in France, from 2010 to 2014. 
Caracterisation moleculaire des souches de S. aureus isolees d’ infections broncho-pulmonaires en France, entre 2010 et 2014. 


Clonal complex 

Agr group 

mecA 

PVL 

Number (% of total) 

Number (% of total) of clonal complex 

8 

i 

- 

- 

23 (5.2) 

69 (15.7) 




+ 

1 (0.2) 




+ 

- 

38 (8.6) 





+ 

7(1.6) 


5 

2 

- 

- 

38 (8.6) 

61 (13.9) 




+ 

5(1.1) 




+ 

- 

15 (3.4) 





+ 

3 (0.7) 


30 

3 

- 

- 

31 (7.0) 

41 (9.3) 




+ 

8(1.8) 




+ 

+ 

2 (0.5) 


398 

1 

- 

- 

35 (8.0) 

36 (8.2) 




+ 

1 (0.2) 


15 

2 

- 

- 

19 (4.3) 

26 (5.9) 




+ 

7(1.6) 


45 

1,4 

- 

- 

22 (5.0) 

23 (5.2) 



+ 

- 

1 (0.2) 


121 

2,4 

- 

- 

4 (0.9) 

20 (4.5) 




+ 

16 (3.6) 


80 

3 

+ 

+ 

16 (3.6) 

18 (4.1) 



- 

+ 

2 (0.5) 


1 

3 

- 

- 

7(1.6) 

17(3.9) 




+ 

5(1.1) 




+ 

- 

5(1.1) 


152 

1 

- 

+ 

16(3.6) 

16 (3.6) 

22 

1 

- 

- 

8(1.8) 

14 (3.2) 




+ 

2 (0.5) 




+ 

- 

4 (0.9) 


59 

1 

- 

- 

8(1.8) 

11(2.5) 



+ 

- 

2 (0.5) 





+ 

1 (0.2) 


7 

1 

- 

- 

7 (1.6) 

7(1.6) 

97 

1 

- 

- 

5(1.1) 

6(1.4) 



+ 

- 

1 (0.2) 


88 

3 

+ 

+ 

4 (0.9) 

5(1.1) 



+ 

- 

1 (0.2) 


9 

2 

- 

- 

5(1.1) 

5(1.1) 

12 

2 

- 

- 

5(1.1) 

5(1.1) 

20 

1 

- 

- 

4 (0.9) 

4 (0.9) 

25 

1 

- 

- 

4 (0.9) 

4 (0.9) 

188 

1 

- 

- 

4 (0.9) 

4 (0.9) 

6 

1 

+ 

- 

2 (0.5) 

3 (0.7) 



- 

+ 

1 (0.2) 


101 

1 

- 

- 

3 (0.7) 

3 (0.7) 

96 

3 

- 

- 

2 (0.5) 

2 (0.5) 

75 

3 

- 

- 

1 (0.2) 

1 (0.2) 

130 

3 

- 

- 

1 (0.2) 

1 (0.2) 

182 

1 

- 

- 

1 (0.2) 

1 (0.2) 

ND 

1,2,3 

- 

- 

20 (4.5) 

37 (8.4) 




+ 

5(1.1) 



1, 2, 3 

+ 

- 

9 (2.0) 





+ 

3 (0.7) 



ND: not determined. 


CC30 (440/403, 9.3%), and CC398 (36/440, 8.2%) (Table 1). 
MRSA strains mainly belonged to CC8 (45/115, 39%), CC5 
(18/115, 15.65%), and CC80 (16/115, 14%). Reliable lineage 
assignment was yielded by the S. aureus Genotyping Kit for 90 
MRSA strains, which revealed a polyclonal MRSA population. 
Thus, the most represented MRSA clones were CC8-MRSA- 
IV, Lyon Clone (24/90), followed by CC80-MRSA-IV PVL + 


European CA-MRSA Clone (16/90), the ST8-MRSA-IV 
PVL + USA300 (and ACME - variant) (7/90), and the ST5- 
MRSA-I Geraldine Clone (5/116). Other MRSA clones, such 
as Pediatric and New Pediatric, UK-EMRSA-15, CA-MRSA 
Southwest Pacific Clone, and CA-MRSA Taiwan clone 
were sporadic (each accounted for less than 4/90 strains). 
PVL-carrier strains belonged to CC80 (18/105, 17.1%), 
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Table 2 

In vitro activity of ceftobiprole and anti-staphylococcal comparator antibiotics against 440 S. aureus strains isolated from respiratory infections in France (2010-2014). 
Activite in vitro du ceftobiprole et des antibiotiques anti-staphylococciques comparateurs sur les souches de S. aureus isolees d’ infections broncho-puhnonaires en 
France, entre 2010 et 2014. 


Bacteria (number of clinical isolates) and antibiotics 

MIC ( |xg/mL) 

mic 50 

MIC90 

Interval 

% of susceptible a strains 

All strains (n = 440) 

Ceftobiprole 

0.5 

1 

0.12-4 

99.8 

Ceftaroline fosamil 

0.25 

0.5 

0.12-2 

99.8 

Vancomycin 

1 

1 

0.5-2 

100.0 

Daptomycin 

0.5 

0.5 

0.5-1 

100.0 

Linezolid 

2 

2 

1-8 

99.5 

Tigecycline 

0.25 

0.5 

0.12-1 

98.4 

MRSA (n= 115) 

Ceftobiprole 

1 

1 

0.5-4 

99.1 

Ceftaroline fosamil 

0.5 

1 

0.12-2 

99.1 

Vancomycin 

1 

1 

0.5-2 

100.0 

Daptomycin 

0.5 

0.5 

0.5-1 

100.0 

Linezolid 

2 

2 

1-8 

98.3 

Tigecycline 

0.25 

0.5 

0.12-1 

98.3 

MSSA (n = 325) 

Ceftobiprole 

0.5 

0.5 

0.12-2 

100.0 

Ceftaroline fosamil 

0.25 

0.25 

0.12-1 

100.0 

Vancomycin 

1 

1 

0.5-2 

100.0 

Daptomycin 

0.5 

0.5 

0.5-1 

100.0 

Linezolid 

2 

2 

1-4 

100.0 

Tigecycline 

0.25 

0.5 

0.12-1 

98.5 


a The interpretation of results was performed using breakpoints detennined by EUCAST. 


CC121 (16/105, 15.2%), CC152 (15/105, 14.3%), and CC30 
(10/105, 9.5%). 

3.2. Ceftobiprole activity against S. aureus 

Overall, ceftobiprole was highly active against S. aureus, with 
MICs ranging from 0.12 to 4mg/L (only one resistant strain, 
MIC of 4mg/L). Furthermore, ceftobiprole was twice more 
active on MSSA strains with MIC 50 and MIC 90 of 0.5 mg/L than 
on MRSA strains with MIC 50 and MIC 90 of 1 mg/L (Table 2). 

Ceftobiprole displayed equivalent activity on PVL-carrier 
and non-carrier S. aureus strains, with MIC 50 of 0.5 mg/L and 
MIC 90 of 1 mg/L for both groups, although PVL-carrier MSSA 
strains (MIC 50 and MIC 90 of 0.5 mg/L) seemed more suscep- 
tible than PVL-carrier MRSA strains (MIC 50 of 0.5 mg/L and 
MIC 90 of 1 mg/L). Moreover, PVL-carrier MRSA strains were 
slightly more susceptible to ceftobiprole (MIC 50 of 0.5 mg/L and 
MIC 90 of 1 mg/L) than non PVL-carrier MRSA strains (MIC 50 
and MIC 90 of 1 mg/L). 

The genetic background of S. aureus strains (agr group and 
CC) may slightly impact the strain susceptibility to ceftobiprole 
(Table 3); however, this observation is explained by the large par- 
ticipation of MRSA strains to the agr 1-2-3 and to the CC 8 and 
CC5 groups. Indeed, subpopulations presenting MRSA/MSSA 
proportions similar to the whole isolate collection had MIC 50 
and MIC 90 of 0.5 mg/L and of 1 mg/L respectively, while the 
subpopulation with a majority of MRSA strains (CC 8 ) displayed 
higher ceftobiprole MIC 50 and MIC 90 (1 mg/L), and subpopu- 
lation with a high majority (>90%) of MSSA strains (CC15, 
CC30, and CC398) displayed lower ceftobiprole MIC 50 and 
MIC 90 (0.5 mg/L). 


The only ceftobiprole-resistant S. aureus strain detected in 
our selection (MIC = 4 mg/L) was a PVL-non-carrier MRSA 
strain isolated from tracheal aspirate, presenting with the 
Glu239Lys mutation in PBP2A, previously associated with low- 
level resistance in ceftobiprole and ceftaroline fosamil [13]. 
This strain was resistant to both ceftobiprole and ceftaroline 
fosamil (MIC = 2 mg/L), but remained susceptible to the other 
major anti-MRSA agents tested (vancomycin, daptomycin, and 
linezolid). 

3.3. Activity of comparator antibiotics against S. aureus 

Ceftaroline fosamil had the same activity profile as cefto- 
biprole on S. aureus, with MICs ranging from 0.12 mg/L to 
2 mg/L. The activity was more important on MSSA strains 
(MIC 50 and MIC 90 of 0.25 mg/L) than on MRSA strains 
(MIC 50 of 0.5 mg/L and MIC 90 of 1 mg/L) and a similar 
activity was observed on PVL-carrier and non-carrier strains 
with MIC 50 of 0.25 mg/L and MIC 90 of 0.5 mg/L, respectively 
(Table 2, Fig. 1). 

With regard to glycopeptide antibiotics, vancomycin was 
active against S. aureus, with MIC 50 and MIC 90 of 1 mg/L 
for all groups of strains (MSSA, MRSA, PVL-carrier, and 
PVL-non-carrier). None of the S. aureus strains tested was 
vancomycin-resistant. 

Likewise, daptomycin was very active on S. aureus with 
MIC 50 °f 0-5 and 0.25 mg/L, and MIC 90 of 0.5 mg/L. No resis- 
tant strain to daptomycin was observed. 

MIC 50 and MIC 90 were 2 mg/L for linezolid, the highest 
MICs of all tested antibiotics. We also observed two linezolid- 
resistant strains, with MIC of 8 mg/L. These strains were isolated 
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Table 3 

In vitro activity of ceftobiprole and proportion of methicillin-susceptible (MSSA)/methicillin-resistant (MRSA) S. aureus strains among the various subpopulations 
of S. aureus, according to agr group and clonal complex (CC). 

Activite in vitro du ceftobiprole et proportion de souches sensibles (MSSA) et resistantes (MRSA) a la meticilline sur les differentes sous-populations de S. aureus. 


Subpopulation (number of strains) 

Proportion in 

the subpopulation 

Ceftobiprole MIC 


MSSA (%) 

MRSA (%) 

micso 

MIC 90 

Agrl (216) 

70.4 

29.6 

0.5 

1 

Agr2 (106) 

81.1 

18.9 

0.5 

1 

Agr3 (91) 

67.0 

33.0 

0.5 

1 

Agr4 (20) 

95.0 

5.0 

0.5 

0.5 

CC5 (61) 

70.5 

29.5 

0.5 

1 

CC8 (69) 

34.8 

65.2 

1 

1 

CC398 (36) 

100.0 

0.0 

0.5 

0.5 

CC15 (26) 

96.2 

3.8 

0.5 

0.5 

CC30 (41) 

95.1 

4.9 

0.25 

0.5 


2.00 


O) 

E, 

O 


0 1.00 
c 

o 

s 

ra 

0) 

o 

0.50 


Strains_number 

O 50 

(J) 100 

mecA_status 

MRSA 

MSSA 


0.25 

0.12 


♦ - 


ceftobiprole MIC (mg/L) 


Fig. 1. Correlation between ceftobiprole MICs and ceftaroline fosamil MICs according to the mecA status. Circle size varies according to the number of strains 
tested; blue and red circles represent MSSA and MRSA strains, respectively. 

Correlation entre les CMI de ceftobiprole etles CM1 de ceftaroline enfonction de la presence ou de V absence du gene mecA. La taille des cercles est proportionnelle 
au nombre de souches concernees. Les cercles bleus et rouges correspondent respectivement aux souches de S. aureus sensibles a la meticilline (SASM) et resistantes 
a la meticilline ( SARM). 


from cystic fibrosis sputum and both remained susceptible to 
ceftobiprole as well as to the other anti-MRSA agents. 

In our study, tigecycline was associated with the most resis- 
tant strains (7/440): two MRSA and five MSSA strains; however, 
altogether MIC 50 and MIC 90 were in the same range than other 
anti-MRSA agents (0.5 and 0.25 mg/L, respectively). 

4. Discussion 

One of the French Staphylococci National Reference Center 
missions is to genotype and monitor resistance to antibiotics of 
isolates responsible for severe clinical presentations, including 
lower respiratory tract infections. By selecting a representative 
panel of strains isolated between 2010 and 2014, we determined 
the in vitro activity of anti-MRSA antibiotic agents. It should 


be noted that the proportion of MRSA strains tested (26%) is 
consistent with the MRSA proportion of isolates responsible for 
severe staphylococcal community-acquired pneumonia recently 
reported in France (20%) [14]. The genotypic structure of the 
tested MRSA strains is also consistent with data reported by 
the European Antimicrobial Resistance Surveillance Network 
(EARS-Net) [15], 

In our study, we observed that ceftobiprole was very active 
against S. aureus isolated from bronchopulmonary infections, 
regardless of the mecA status, with MIC 90 of 1 mg/L, one of the 
lowest MIC 90 reported in studies (ranging from 1 to 4 mg/L) 

[7-10,16], 

Nevertheless, we observed, as previously described, that 
MSSA strains were more susceptible to ceftobiprole than MRSA 
strains [9,10,16]. We also observed slightly higher MICs of 
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ceftobiprole in some subgroups of S. aureus studied strains, 
which was consistent with a higher participation of MRSA 
strains in those subgroups. These observations suggest a strong 
link between PBP2a production and higher ceftobiprole MICs. 
Moreover, we detected one ceftobiprole-resistant strain, which 
displayed cross-resistance to ceftaroline fosamil and presented 
D239L amino acid substitution in PBP2a sequence. Consid- 
ering the major role of PVL in the severity of staphylococcal 
pneumonia, we analyzed ceftobiprole susceptibility against 
PVL-positive strains and showed that PVL-carrier S. aureus 
strains were also susceptible to ceftobiprole, including PVL- 
carrier MRSA strains belonging to the major (European ST80, 
USA300 ACME±) and minor (CC5 PVL+, ST59 Taiwan, ST30 
South West Pacific) CA-MRSA clones spreading in France. 
Compared with other anti-staphylococcal antibiotics, and 
especially with other anti-MRSA agents, ceftobiprole displayed 
MICs slightly higher than ceftaroline fosamil, daptomycin, 
and tigecycline, but was as effective against S. aureus as 
vancomycin. On the contrary, ceftobiprole was more active 
than linezolid, with MIC90 twice weaker for ceftobiprole than 
linezolid. Moreover, we detected two resistant strains to line- 
zolid, both isolated from cystic fibrosis sputum and harboring 
the G2576T mutation in the V domain of the 23S RNA gene 
(results not shown). These two strains were susceptible to all 
the other anti-MRSA agents tested, including ceftobiprole. 

5 . Conclusions 

S. aureus resistance is a real healthcare issue, especially 
during severe infections such as respiratory tract infections. 
Ceftobiprole could be an effective alternative to vancomycin 
or linezolid for the management of staphylococcal, including 
MRSA, HAP, or CAP. Though at present very scarce, close 
microbiological monitoring of isolates should be maintained to 
prevent resistant strain diffusion. 
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Abstract 

Objective. - We aimed to assess the prevalence of Chlamydophila pneumoniae and Mycoplasma pneumoniae acute infections, using serological 
testing, in patients admitted to the emergency department for acute exacerbations of chronic obstructive pulmonary disease (COPD). 

Methods. - We performed a prospective observational study of 100 consecutive patients. Serum specimens were collected at day 0 and day 15. 
C. pneumoniae and M. pneumoniae antibodies (IgM and IgG) were tested by commercial ELISA and immunofluorescence assay, respectively. 

Results. - We did not observe any acute M. pneumoniae infection; however, 11 patients (11%) showed a profile compatible with a recent 
C. pneumoniae infection (nine patients with specific IgM and two with an IgG antibody rise). Demographic and clinical parameters did not differ 
between patients with and without biological profile of recent C. pneumoniae infection. 

Conclusion. - C. pneumoniae is a pathogen that requires specific antimicrobial treatment. Its detection must always be performed considering 
its prevalence in patients presenting with acute COPD exacerbations. 

©2016 Elsevier Masson SAS. All rights reserved. 


Keywords: Chronic obstructive pulmonary disease; Chlamydophila pneumoniae ; Mycoplasma pneumoniae 

Resume 

Objectif. - Mesurer la prevalence serologique des infections recentes a Chlamydophila pneumoniae et Mycoplasma pneumoniae chez 100 patients 
consecutifs admis aux urgences pour une exacerbation aigue de bronchopneumopathie chronique obstructive (BPCO). 

Methodes. - Nous avons realise une etude observationnelle prospective. Les anticorps IgM et IgG ont ete testes sur des serums preleves aux 
jours 0 et 15, par test Elisa pour C. pneumoniae et par immunofluorescence indirecte pour M. pneumoniae (trousses commerciales). 
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Resultats. - Aucune infection aigue a M. pneumoniae n’a ete detectee. En revanche, 1 1 patients (11%) avaient un profil serologique compatible 
avec une infection recente a C. pneumoniae (neuf patients avec IgM specifiques et deux avec elevation des IgG). Aucune difference significative 
n'a ete notee sur les parametres cliniques et demographiques testes entre les groupes avec et sans stigmates serologiques d’infection recente a 
C. pneumoniae. 

Conclusion. - C. pneumoniae necessitant un traitement antibiotique adapte, sa recherche systematique parait justifiee au cours des poussees de 
BPCO. 

© 2016 Elsevier Masson SAS. Tous droits reserves. 
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1. Introduction 

Chronic obstructive pulmonary disease (COPD) is an inflam- 
matory process characterized by a progressive airflow limitation 
and the destruction of parenchyma. Patients affected by this 
disease experience frequent exacerbations that favor airway 
inflammation and often lead to hospitalization. COPD exa- 
cerbations are characterized by increased sputum volume and 
purulence, worsening dyspnea and cough [ 1 ] . Bacterial and viral 
infections of the lower respiratory tract account for approxi- 
mately 80% of all exacerbations [2,3], 

Chlamydophila pneumoniae and Mycoplasma pneumoniae 
are common human pathogens causing asymptomatic, mild or 
severe upper and lower respiratory tract infections. These infec- 
tions are usually not identified in general health care because 
the etiology of respiratory tract infections is investigated in only 
a small proportion of patients, i.e. those who do not respond to 
conventional antimicrobial therapy or present with severe pneu- 
monia [4], The role of these pathogens in COPD exacerbations is 
controversial [5,6]. We aimed to provide recent prevalence data 
on the distribution of C. pneumoniae and M. pneumoniae IgG 
and IgM antibodies in a Tunisian cohort of COPD patients pre- 
senting with acute exacerbations, so that an adapted treatment 
could be established. 


2. Patients and methods 

We conducted a prospective observational study in the 
Emergency department of three university hospitals (Monastir, 
Mahdia, and Sousse) located in the South-East of Tunisia, from 
May 2013 to March 2015. The Ethics committee in research of 
Sousse hospital approved the study; a written informed consent 
was obtained from all patients. 

The study population consisted of patients aged over 40 years 
diagnosed with COPD stages 1-4 as defined by the Global initia- 
tive for chronic obstructive lung disease (GOLD), with an acute 
exacerbation (onset < 14 days) [1], Acute respiratory failure was 
defined as a worsening of dyspnea associated with at least two of 
the following characteristics: respiratory rate > 24 breaths/min, 
arterial partial pressure of carbon dioxide > 45 mmHg, arte- 
rial pH <7.35. A chest radiograph confirming the absence of 
pneumonia was required. Exclusion criteria were outpatient 
status, evidence of bronchiectasis, pneumonia, malignancy or 
severe immunosupression, antimicrobial treatment received in 


the 1 0 days preceeding COPD exacerbation, or need for mechan- 
ical ventilation. History, physical examination, blood gas, and 
x-ray results were recorded for all included patients. Except for 
antibiotics, patients received instrumental and medical therapy 
according to current guidelines [1], This study was part of a 
larger double-blind randomized study aiming at comparing two 
lines of antibiotic therapy: a two-day treatment with levofloxacin 
versus a 7-day treatment using the same molecule. Our study is 
a follow-up of a similar study previously performed in the same 
setting [7], 

Baseline sputum specimens were systematically collected. 
Semi-quantitative bacterial cultures were performed at the 
Microbiology laboratory of the university hospital of Monas- 
tir as recommended [8], Results were considered significant if 
a bacterium of interest was isolated with a count of at least 
10 7 CFU/mL. Except for one patient, no sputum specimen was 
kept frozen for retrospective testing of atypical pathogens by 
molecular assays. 

Four milliliters of blood specimen were systematically col- 
lected at enrollment and 15 days later. Included patients who 
missed the second serological testing were secondarily excluded 
from the study. The serological tests were carried out in the 
Microbiology laboratory of the university hospital of Mona- 
stir. Serum IgG and IgM antibodies against M. pneumoniae 
were measured using a commercial indirect immunofluores- 
cence assay (EUROIMMUN Medizinische Labordiagnostika 
AG, Liibeck, Germany) as per the manufacturer’s instructions. 
The sensitivity and specificity of the IgG assay were 80% and 
100%, respectively, according to the standard values of the 
kit. The qualitative detection of C. pneumoniae IgG and IgM 
antibodies was performed with a commercial ELISA technique 
(NovaTec, Immundiagnostica GmbH, Dietzenbach, Germany), 
as recommended. The sensitivity and specificity of the IgG 
assay were 90.2% and 91.7%, respectively, according to the 
standard values of the kit. On the basis of serology standards 
[9], recent infections with one of those bacteria were defined by 
the presence of IgM and IgG antibodies in the baseline speci- 
men or if a seroconversion (from negative to positive) occurred 
between days 0 and 15. Serum specimens exhibiting IgM at 
day 0 without IgG at day 15 were considered false positive 
results. 

Comparisons of qualitative variables were performed using 
Chi 2 test and comparisons of means using Mann-Whitney non- 
parametric test for independent samples (SPSS version 18.1). A 
P- value < 0.05 was considered significant. 
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3. Results 

A total of 147 consecutive patients presenting with COPD 
exacerbations were included in the study from May 2013 to 
March 2015. Forty-seven patients were secondarily excluded 
because the second serology was not available, which resulted 
in the final inclusion of 100 patients who were sampled with a 
first and a second serum specimens. 

At enrollment, IgM antibodies to M. pneumoniae were neg- 
ative in all patients. The specific IgG level was positive in 
63 patients and negative in 37. No seroconversion was observed 
(Table 1). 

As shown in this table, IgM antibodies to C. pneumoniae 
were detected in both sera of nine patients; eight of them were 
also found positive for IgG in the first and second serum spec- 
imens whereas an IgG rise was observed in the serum of the 
ninth patient. We observed a seroconversion for IgG antibod- 
ies to C. pneumoniae without IgM in two more patients, which 
could correspond to a serological profile of acute reactivation. A 
serological profile of possible or probable acute infection with 
C. pneumoniae was thus observed in 11% of patients, whereas 
59% of them had a serological profile corresponding to a past 
infection and 30% of them had no antibody against this bac- 
terium (Table 1). 

Table 2 depicts the demographic, clinical, laboratory data, 
duration of levofloxacin treatment, and outcome of the 
100 patients according to the absence or presence of serolog- 
ical profile of recent C. pneumoniae infection. No difference 
was observed between the two populations for any of the tested 
items. The duration of levofloxacin treatment (2 days versus 
7 days) was similar between the two groups (Table 2). The recur- 
rence of exacerbations at 6 and 12 months was slightly more 
frequent and the delay of recurrence was slightly shorter in the 
C. pneumoniae group but sample sizes were too small to reach 
statistical significance (Table 2). As a consequence, we assessed 
whether the duration of levofloxacin treatment may have influ- 
enced outcome in the subgroup of patients with serological 
evidence of C. pneumoniae infection: three and four recurrence 
episodes were observed at 6 and 12 months, respectively, in the 
six patients treated with levofloxacin for 2 days, whereas two 
recurrence episodes were observed at 6 and 12 months in the 
five patients treated with that same antibiotic for 7 days; sample 
sizes are too small to reach statistical significance but this differ- 
ence tends to indicate that a longer treatment with levofloxacin 
seems preferable in case of serological profile of C. pneumoniae 
infection. 

The conventional cultures of sputum specimens sampled 
from the 100 patients yielded 16 infections (as defined by a 
bacterial count of at least 10 7 CFU/mL): Acinetobacter bau- 
mannii(n = 1 ), Branhamella catarrhalis (n = 1), Escherichia coli 
(n = 2), Haemophilus influenzae (n=l), Haemophilus parain- 
fluenzae (/?= 1), Klebsiella pneumoniae (n = 2), Pseudomonas 
aeruginosa (n = 4), Staphylococcus aureus (n= 1), Streptococ- 
cus pneumoniae ( n = 2), and a co-infection with //. influenzae 
and K. pneumoniae (n = I ). With regard to the distribution 
of conventional bacterial infections based on the presence or 
absence of serological profile of C. pneumoniae acute infection, 


we observed two infections {H. influenzae and S. pneumoniae, 
respectively) in the group of 1 1 patients characterized as recent 
C. pneumoniae infections (18.2%) as compared with 14 infec- 
tions in the remaining 89 patients (15.7%) (P = 0. 1 9 by Chi 2 
test). 

4. Discussion 

Using a large cohort of Tunisian patients presenting with 
acute COPD exacerbations whose diagnosis was mainly based 
on commercial serological tests, we observed 11% of possible 
recent C. pneumoniae infections. However, no acute infection 
was documented for M. pneumoniae. The main limitation of our 
study is the absence of detection of pathogens by nucleic acid 
testing as this type of assay was, at the time, not available in our 
laboratory and as most of the respiratory samples were not kept 
frozen. However, a respiratory specimen from one patient with 
IgM antibodies to C. pneumoniae was retrospectively tested by 
PCR for M. pneumoniae and C. pneumoniae and was confirmed 
positive for C. pneumoniae genome (data not shown). Indeed, 
molecular tests are a good complement to serological testing [5]; 
they are considered faster, more sensitive, and more specific than 
culture and serology [10], even if the presence of C. pneumoniae 
DNA without serological profile of an infection can correspond 
to a persistent asymptomatic carriage of this bacterium [5,11]. 
The lack of standardized commercial ELISA kits for C. pneu- 
moniae is another limitation of our study, with the possible 
occurrence of nonspecific IgM antibodies, especially when they 
are detected in the absence of specific IgG together with serolog- 
ical profile of another bacterial infection in the respiratory tract 
[12,13]. With regard to C. pneumoniae IgG, the sensitivity of 
various immunoassays compared with the microimmunofluores- 
cence assay considered the gold standard ranged from 63 to 95% 
in the context of respiratory tract infections [5], Given the high 
prevalence of IgG antibodies to this bacterium, a high antibody 
titer on a single sample cannot be considered a criterion of active 
infection. 

C. pneumoniae has been shown to be significantly involved 
in the occurrence of acute COPD exacerbations, as illustrated by 
various studies using serological testing. As shown in Table 3 
summarizing a total of 503 patients presenting with acute COPD 
exacerbations (including the present study), the rate of posi- 
tive cases for C. pneumoniae ranged from 4 to 34% with an 
overall mean of 13.1%, which is very close to the 11% rate 
observed in our study. Of interest, we show that no difference 
was observed between the groups of patients presenting with and 
without evidence of serological acute C. pneumoniae infection in 
terms of demographics, clinical presentation, clinical outcome, 
or detection of other bacterial agents at a significant level in 
the respiratory tract. However, these results stress the need for 
a systematic investigation of serological profile of C. pneumo- 
niae recent infection in patients presenting with acute COPD 
exacerbations as this pathogen would require an antimicrobial 
treatment based on compounds active on intracellular agents 
that are not recommended in the first-line treatment of COPD 
exacerbations [1]. Despite our small sample size, we observed 


S. Messous et al. / Medecine et maladies infectieuses 47 (2017) 158-163 


161 


Table 1 

Mycoplasma pneumoniae and Chlamydophila pneumoniae serological profiles on two consecutive serum specimens sampled from 100 patients presenting with acute 
COPD exacerbations. 

Profils serologiques sur deux serums consecutifs vis a vis de Mycoplasma pneumoniae et Chlamydophila pneumoniae dans line cohorte de 100 patients presentant 
line poussee aigue de BPCO. 


1 st serum specimen (day 0) 

2nd serum 

specimen (day 15) 

Conclusion 

M. pneumoniae 
(number of patients) 

C. pneumoniae 
(number of patients) 

IgM IgG 

IgM 

IgG 


— — 

— 

— 

No infection 

37 

30 


— + 

- 

+ 

Past infection 

63 

59 


+ + 

+ 

+ 

Acute infection 

0 

8 


+ — 

+ 

+ 

Acute infection 

0 

1 


- 

- 

+ 

Reactivation 

0 

2 


(— ): no detection of antibodies at the threshold given by the manufacturers of the respective tests. 




Table 2 







Comparison of various variables in 100 patients hospitalized for COPD exacerbation with and without serological profile of acute Chlamydophila pneumoniae 

infection. 







Comparaison de diffe rentes variables chez 100 patients hospitalises pour une 

exacerbation de BPCO 

avec et sans stigmates serologiques d’ infection aigue a 

Chlamydophila pneumoniae. 







List of tested variables 


Serological profile of acute C. pneumoniae infection 


P-value 



No 


Yes 





« = 89 


n= 11 



Demographics 







Mean age (years) 


67 ± 10.3 


63.1 ±9.7 


NS 

Percentage of male patients 


92.1 


90.9 


NS 

Smoking habits (pack-year) 


68.6 ± 152 


52 ±46 


NS 

Clinical findings at enrollment 







Percentage of stage 4 dyspnea 


46.1 


27.3 


NS 

Body Mass Index (kg/m 2 ) 


27. 2 ±5.5 


28.3 ±4.2 


NS 

Body temperature (°C) 


37.4 ±0.7 


37.0 ±0.5 


NS 

Respiratory rate (beats per minute) 


27.3 ± 1 1 


27.5 ±3.6 


NS 

Heart rate (beats per minute) 


109.7 ±25.6 


1 16.4 ± 14.7 


NS 

Laboratory findings at enrollment 







Pa0 2 (kPa) 


9.5± 3.7 


10.0 ±4.6 


NS 

PaC0 2 (kPa) 


6 ± 2 


5.5 ± 1.7 


NS 

pH 


7.4 ±0.1 


7.4 ±0.2 


NS 

Percentage of oxygen saturation (Sa0 2 ) 


89.6 ± 11.1 


91.8 ± 7.5 


NS 

White blood cell count (c/mm 3 x 10 3 ) 


12.5 ±4.4 


15.5 ±7.9 


NS 

Hemoglobin (g/dL) 


14.3 ±6.2 


14 ± 1.6 


NS 

Platelet count (x 10 3 /p.L) 


240.0 ±83.2 


245.0 ±75.5 


NS 

C-reactive protein (mg/dL) 


66.3 ± 67.2 


93.5 ±94.5 


NS 

Duration of levofloxacin treatment 






NS 

2 days: number (%) 


43 (48.3) 


6 (54.5) 



7 days: number (%) 


46 (51.2) 


5 (45.5) 



Outcome 







Percentage of survivors 


91.0 


100 


NS 

Number (%) of exacerbation recurrences 







At 6 months 


26 (29.2) 


5 (45.4) 


NS 

At 12 months 


32 (35.9) 


6 (54.5) 


NS 

FTI 







At 6 months 


118.3 ± 63.1 


97.0 ±49.4 


NS 

At 12 months 


169.6 ±93.8 


114.0 ±60.7 


NS 


PaOo: partial pressure of oxygen in arterial blood; PaCOo : partial pressure of carbon dioxide in arterial blood; FTI: free time interval between two acute COPD 
exacerbations; NS: non-significant by Mann-Whitney test for quantitative variables and by Chi 2 test for qualitative variables between the two groups at a P-value of 
0.05. Except for percentages and values expressed as units of time (days or months), data is presented as mean ± standard deviation. 


an increasing trend of recurrences in patients presenting with 
serological evidence of C. pneumoniae infection when they 
receive a short quinolone monotherapy (2 days), which is a fur- 
ther reason to look for possible infection with this bacterium at 
enrollment. 


By contrast to C. pneumoniae , we did not observe any recent 
infection with M. pneumoniae. As outbreaks of M. pneumo- 
niae infection are known to occur approximately every 3 years, 
our study period is too short for concluding that this bac- 
terium does not play any role in the occurrence of acute COPD 
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Table 3 

Prevalence of serological profiles of acute Chlamydophila pneumoniae infection during acute COPD exacerbations in selected studies. 

Prevalence de stigmates serologiques d’ infection aigue a Chlamydophila pneumoniae au cours d’ episodes aigus de BP CO a partir d’une selection d’ etudes de la 
litterature. 


Reference 

Study period 

Country 

Serological 

assay 

Total number of 
COPD patients 

Number (%) of patients presenting with 
acute C. pneumoniae infection 

[14] 

1999 

Turkey 

MIF 

49 

11 (22.4) 

[15] 

1999-2002 

Turkey 

MIF 

75 

13 (17.3) 

[16] 

1996 

Finland 

ELISA 

29 

2 (6.9) 

[17] 

2001 

Turkey 

MIF 

38 

13 (34.2) 

[18] 

2004 

Italy 

MIF 

45 

5(11.1) 

[11] 

2005-2008 

Greece 

MIF 

92 

4 (4.3) a 

[19] 

2007 

Greece 

MIF & 

75 

7 (9.3) 




ELISA 



Present study 

2013-2015 

Tunisia 

ELISA 

100 

11 (11.0) 




Total 

503 

66(13.1) 


MIF: microimmunofluorescence assay; ELISA: enzyme-linked immunosorbent assay. 
a Two of these four serological results were also positive by C. pneumoniae PCR assay. 


exacerbations. However, this pathogen is more rarely associated 
with COPD exacerbations than C. pneumoniae, although previ- 
ous studies showed that it was involved in a small proportion of 
them [6,11,14,15,18], 

5. Conclusion 

Our study of 100 consecutive Tunisian patients presenting 
with COPD exacerbation shows an overall prevalence of 
C. pneumoniae acute infection of 11%. This figure is supported 
by other international study results; it therefore seems reasonable 
to recommend the diagnosis of this infection in this particular 
context, with the aim of implementing an adequate antimicro- 
bial treatment. However, the tools used for this diagnosis, based 
either on serology or on molecular testing, need to be standard- 
ized to better define the specific role of C. pneumoniae in the 
pathophysiology of acute COPD exacerbations. 
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1. Introduction 

La brucellose est une anthropozoonose dont l’incidence est 
extremement variable d’un pays a l’autre. En France, du fait de 
sa rarete, elle n’est plus un probleme majeur de sante publique. 
Le diagnostic est d’autant plus delicat pour le clinicien. Nous 
decrivons dans ce cas une forme rare de brucellose avec atteintes 
neurologiques et cutanees. 

2. Presentation du cas 

Un patient age de 72 ans, d’origine algerienne ayant effec- 
tue un voyage au pays six semaines avant, est adresse pour 
purpura evoluant depuis 15 jours. A l’arrivee le patient est 
febrile ; il presente des lesions cutanees de type purpura vas- 
culaire aux membres inferieurs, au niveau de 1’ abdomen et des 
membres superieurs sans autre anomalie clinique. Biologique- 
ment, on observe un syndrome inflammatoire, une anemie 
inflammatoire et une discrete cytolyse hepatique. L’examen 
cytobacteriologique des urines (ECBU) est sterile, la radio- 
graphie thoracique ne montre aucun foyer, l’echographie 
abdominale est sans particularite. Les 3 flacons d’hemocultures 
realises reviennent positifs a Brucella melitensis. Un traitement 
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par rifampicine (900 mg IV) et doxycycline (100 mg x 2/j per 
os) est alors debute. Devant la persistance de l’hyperthermie, le 
patient recevra 2 injections de gentamicine (300 mg). 

En reprenant l’interrogatoire, le patient reconnait consommer 
regulierement du lait cru de brebis en Algerie. 

Le bilan de cette brucellose n’a pas montre d’atteinte osteoar- 
ticulaire a la scintigraphie osseuse et au TEP-scanner et pas 
d’endocardite a l’echographie transoesophagienne. La biopsie 
cutanee montrait des remaniements inflammatoires polymor- 
phes dermo-epidermiques a tropisme perivasculaire sans aspect 
caracteristique d’une vascularite. 

Le patient est devenu apyretique au 7 e jour avec, par contre, 
une maj oration du syndrome inflammatoire et L apparition d’une 
orchi-epididymite droite, sans abces objective a l’echographie. 

Au 9 e jour de traitement, le patient a presente des episodes 
d’aphasie de 20 minutes recidivants, sans autre anomalie neu- 
rologique, toujours apyretique. L’IRM cerebrale injectee ne 
montrait pas d’ anomalie, la ponction lombaire (PL) retrouvait 
25 leucocytes (les autres analyses ne pouvant etre realisees dans 
le laboratoire NSB3 de l’hopital). L’electroencephalogramme 
(EEG) revelait des crises partielles complexes focalisees en 
central gauche. Le patient etait mis sous clobazam et de la ceftri- 
axone (2 g) etait ajoutee pour le traitement de la neurobrucellose 
probable. Malgre cela, au bout de 24 h, le patient etait transfere 
en reanimation pour etat de mal epileptique. Apres mise sous 
lacosamide et fortes doses de clobazam, son etat neurologique 
s’est ameliore sans nouvelle recidive de crise partielle. Les anal- 
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yses du liquide cephalorachidien (LCR) n’objectiveront pas la 
presence de Brucella que ce soit en culture, par PCR ou par 
serologies. 

Le traitement par ceftriaxone-doxycycline-rifampicine a 
ete poursuivi 1 mois, puis un relais par co-trimoxazole 
(800 mg/160 mg x 2 per os)-doxycycline-rifampicine a ete 
instaure pour 5 mois supplementaires. Apres 6 mois de traite- 
ment, le patient est totalement asymptomatique. Sur le plan 
neurologique, l’EEG de controle est normal, le clobazam a ete 
sevre et le lacosamide a ete arrete a 1 an avec une evolution 
toujours favorable. 

3. Discussion 

La brucellose est l’anthropozoonose la plus repandue dans 
le monde ; elle serait responsable de 500 000 nouveaux cas 
humains par an [1], Son incidence et sa prevalence varient large- 
ment entre les pays dits developpes ou la maladie est devenue 
rare et ceux qui, en l’absence de programmes de lutte nationaux, 
recensent de nombreux cas humains et animaux. En France, les 
programmes de lutte datent de la fin des annees 1960. En 2015, 
19 cas ont ete declares et valides et sont tres majoritairement 
importes [1], 

La contamination humaine se fait le plus souvent soit par 
1’ ingestion d’ aliments contamines, soit par aerosolisation de la 
bacterie ou contact direct. Les principaux aliments responsables 
de brucelloses humaines sont les produits a base de lait cru. 
En France, l’espece la plus frequente est B. melitensis biovar 
3. Tous les cas de brucellose confirmes au Centre national de 
reference sont soit des cas importes, soit des contaminations de 
personnel de laboratoire. Les zones presumees de contamination 
sont principalement la Turquie, le Maghreb et le Moyen-Orient. 
Notre patient presentait un mode de contamination classique, 
pour un cas importe ayant consomme un produit laitier cru en 
zone enzootique (Algerie). 

L’ infection brucellienne se deroule typiquement en 3 phases, 
chacune d’elle pouvant rester paucisymptomatique voire muette. 
L’incubation varie entre quelques jours et plusieurs semaines 
mais des durees plus longues ont ete decrites (jusqu’a 5 mois). 
L’ infection aigue est decrite classiquement avec une fievre ondu- 
lante sudoro-algique, qui ne serait pas si frequente en pratique. 
II s’y associe une sensation de malaise avec frissons, courba- 
tures, arthromyalgies, cephalees. L’examen retrouve parfois des 
adenopathies, une hepatosplenomegalie. 

La brucellose subaigue peut succeder a une periode aigue 
bruyante ou etre revelatrice de l’infection et durer quelques 
mois. Elle est marquee par des focalisations essentiellement 
osteoarticulaires mais egalement hepatiques, spleniques, geni- 
tales, cardiaques et neurologiques. 

La brucellose chronique regroupe, d’une part, des rechutes ou 
reactivations (foyers secondaires osseux) rencontrees dans 10 % 
des cas, d’ autre part, des formes dites psycho-neurologiques 
caracterisees par des symptomes chroniques de type fatigue ou 
depression pour lesquelles le niveau de preuve du lien entre 
brucellose et les symptomes est faible. 

Dans notre cas, le patient a presente une forme aigue, 
avec des manifestations inhabituelles. En effet, meme si des 


atteintes cutanees sont decrites, le purpura reste exceptionnel. 
Les atteintes cutanees liees a Brucella seraient presentes dans 
5 a 14 % des cas selon les etudes [2-5]. Ces lesions peu- 
vent etre presentes aux 3 stades de la maladie. Berger et al. 
[2] ont decrit une classification des lesions cutanees rencon- 
trees dans la brucellose. II y a tout d’abord les lesions liees 
au contact direct avec 1’agent pathogene, rencontrees la plupart 
du temps chez les professionnels de l’elevage, avec des abces 
au point d’inoculation ou des lesions de dermatite. Ensuite, 
des manifestations cutanees transitoires peuvent etre notees : 
eruption papulaire ou urticarienne, erytheme noueux ou ressem- 
blant, erytheme malaire, lesions erysipeloi'de, psoriasiformes ou 
impetiginisees, eczema, cedeme, lesions ressemblant au pityri- 
asis rose. Enfin, des lesions generalisees comprenant des abces 
cutanes multiples ou des ulcerations multiples peuvent etre 
observees. Egalement, des lesions cutanees systemiques ou vas- 
culaires avec purpura et emboles peuvent etre rencontrees. Selon 
les series [2-5], les lesions les plus frequentes sont les erup- 
tions maculopapulaires, les lesions ressemblant a 1’ erytheme 
noueux ou les lesions urticariennes. Ariza et al. [3] ont rap- 
porte deux cas de purpuras extensifs au cours de bacteriemies 
severes associees a des troubles de l’hemostase. Cela n’est pas 
le cas de notre patient qui avait un bilan de coagulation nor- 
mal. 

L’atteinte genito-urinaire de la brucellose est plus classique, 
c’est la seconde localisation focale la plus frequente apres 
les atteintes osteoarticulaires, soit 2 a 20 % des brucelloses 
[6]. L’orchi-epidy dimite unilateral en est la manifestation la 
plus frequente La plupart du temps, il n’y a pas d’anomalie 
du sediment urinaire. L’ evolution est en general favorable 
sous antibiotique seul. Les complications potentielles sont 
l’abcedation, la fistulisation, voire la necrose devant conduire 
a l’orchidectomie pour les formes vues tardivement. 

Enfin, la neurobrucellose peut se developper a n’importe quel 
stade de la maladie, representant 1 a 7 % des brucelloses. Les 
presentations sont tres variables et comprennent des polyradicu- 
lonevrites, des atteintes des nerfs craniens, des meningites ou 
meningo-encephalites, des myelites, des abces, des formes psy- 
chiatriques, des vascularites et quelques cas d’epilepsie. Les 
criteres diagnostiques sont mal definis, reposant sur des ele- 
ments cliniques et des analyses du LCR. Guven et al. [7] a 
repris une cohorte de 48 patients ayant eu un diagnostic de neu- 
robrucellose (tous stades confondus). Les elements de la PL 
orientant etaient une hyperproteinorachie (58 % des cas), une 
hypoglycorachie (33 % des cas), une pleiocytose a predomi- 
nance lymphocytaire (58 %). Brucella etait rarement detectee 
dans le LCR (15 %). Pour un cut-off a 1/8, le test d’ agglutination 
dans le LCR, avait une sensibilite de 94 % et une specificite 
de 96 %. Par contre, seulement 27 % des patients avaient des 
lesions evocatrices en imagerie (IRM ou TDM). Yetkin et al. [8] 
decrivent egalement les donnees concernant 20 cas de neurobru- 
celloses. Seulement 18 patients avaient eu une etude du LCR. 
La pleiocytose et l’hyperproteinorachie etaient notees dans tous 
les cas. De meme que dans la precedente etude, les resultats 
d'imagerie etaient normaux pour 14 des 20 patients. Ces donnees 
sont interessantes car a ce jour, peu d’ etudes ont ete realisees sur 
ces atteintes neurologiques et elles sont difficilement generalis- 
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ables puisqu’il s’ agit d’etudes retrospectives sur un petit nombre 
de cas englobant toute forme neurologique a tout stade confondu. 

Dans notre cas, nous avons conclu a une neurobrucellose 
devant la presence d’une meningite a la PL et la presence 
de signes neurologiques non expliques par ailleurs, meme si 
peu d’elements objectifs (imagerie, tests du LCR) ont pu le 
confirmer. 

Le traitement de la neurobrucellose est non consensuel. 
Erden et al. [9] ont realise une etude retrospective comparant 

3 regimes de traitement : ceftriaxone-doxycycline-rifampicine 
(PI), bactrim-doxycycline-rifampicine (P2), et PI suivi de 
P2 quand la ceftriaxone est arretee. Quand on considere glob- 
alement les issues negatives (echec et rechutes), les traitements 
avec la ceftriaxone seraient plus efficaces. La duree du traite- 
ment est mal definie, prolongee certainement, comprise entre 

4 et 6 mois. 

4. Conclusion 

La brucellose peut avoir des presentations tres variees et 
trompeuses qui sont d’autant plus difficiles a reconnaitre dans 
les pays ou elle n’est plus endemique. Les criteres diagnostiques 
de certaines formes focalisees et leur traitement sont encore mal 
codifies et necessiteraient des etudes prospectives. 
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1. Introduction 

Corynebacterium urealyticum est un bacille a gram positif, 
implique dans la cystite incrustante, decrite pour la premiere 
fois en 1914 par J. Frangois [1]. Cette entite est mal connue, 
notamment des infectiologues, et la pathogenicite de C. urea- 
lyticum est souvent remise en question, consideree coinme une 
contamination, s 

C. urealyticum est une bacterie a activite ureasique forte [2]. 
L’urease scinde la molecule d’uree presente dans les urines en 
ammoniac et carbonate, ce qui alcalinise les urines et entrame 
la presence de cristaux (struvite), par la precipitation de phos- 
phates ammoniaco-magnesiens. Les depots de struvite sur la 
muqueuse vesicale sont responsables de la cystite incrustante, 
qui se manifestent en general par une dysurie, des douleurs sus- 
pubiennes, une hematurie, 1’ elimination de calculs de struvite 
dans les urines, des urines troubles. 


2. Presentation des cas 

Nous decrivons les cas de quatre patients pris en charge au 
centre hospitalier de Rodez pour une cystite incrustante. 


* Auteur correspondant. 

Adresse e-mail : pauline.lansalot@gmail.com (P. Lansalot-Matras). 
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2.1. Patient 1 

Un patient de 83 ans presentait comme antecedent un can- 
cer de prostate traite par prostatectomie et radiotherapie en 1 993 , 
complique d’uretrite radique, avec cystostomie chirurgicale rea- 
lisee en 2012. A partir de 2014, il consultait frequemment pour 
des problemes avec sa sonde de cystostomie (le ballonnet se 
percait ou la sonde se bouchait), avec apparition d’une ureterohy- 
dronephrose bilaterale, ureteres dilates jusqu’au meat vesical et 
aspect calcifie de leur portion distale. A posteriori, des mai 2014, 
plusieurs ECBU mettaient en evidence un C. urealyticum , avec 
presence de cristaux de phosphates ammoniaco-magnesiens. En 
2015, le scanner retrouvait une vessie de petite taille, avec calci- 
fications circonferentielles parietales d’ aspect feuillete. Devant 
un tableau de cystite incrustante compliquee, il a beneficie d’une 
cystectomie fin 2015, avec ureterostomie, suivie d’un traitement 
par teicoplanine pendant 6 semaines. L’examen anatomopa- 
thologique retrouvait une fibrose importante avec ulcerations, 
calcifications, lesions granulomateuses et en profondeur des 
infiltrats inflammatoires (Fig. 1). Le traitement antibiotique a 
ete bien tolere. Les ECBU de controle ne retrouvaient pas de 
C. urealyticum. 

2.2. Patient 2 

Un patient de 86 ans, aux antecedents de resection trans- 
uretrale de prostate, en retention chronique d’urine, a beneficie 
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Fig. 1. Examen anatomopathologique patient 1. a : revetement urothelial superficiel ; b : infiltrat ; inflammatoire ; c : calcification au sein d’un tissu inflammatoire. 
Pathological examination patient 1. 


d’un catheter sus-pubien, en raison d’une pose de sonde uri- 
naire difficile. L’ECBU retrouvait un C. urealyticum, avec 
presence d’assez nombreux cristaux de phosphates ammoniaco- 
magnesiens. A moins d’un mois, une cystoscopie a retrouve 
une stenose serree du col de la vessie (levee par voie endo- 
scopique), avec un aspect de cystite incrustante dans la region 
cervicale, resequee en partie. L’ examen anatomopathologique 
retrouvait des ulcerations et des remaniements inflammatoires 
et necrotiques parietaux. Le scanner, realise apres la resec- 
tion endoscopique, ne retrouvait pas de calcifications, mais une 
paroi vesicale epaissie. Le patient a ete traite par teicopla- 
nine, pendant 4 semaines apres la resection endoscopique, bien 
tolere, sans signe de rechute sous traitement. Le patient a ete 
perdu de vue et n’a pas beneficie de reevaluation a 1’ arret du 
traitement. 

2.3. Patient 3 

Une patiente de 77 ans, sans antecedent urologique, a ete hos- 
pitalisee pour un AVC, avec mise en place d’une sonde vesicale, 
retiree 21 jours plus tard. Elle a presente quelques jours plus tard 
une hematurie, avec apparition d’un syndrome febrile et iden- 
tification sur l’ECBU d’un C. urealyticum. La cristallurie etait 
negative. Une cystoscopie a ete realisee, retrouvant des plaques 
calcifiees. Aucun geste n’a ete realise au vu de son etat general. 
Le scanner a confirme la presence d’importantes calcifications 
parietales vesicales, de siege postero-superieur et au niveau de 
la corne vesicale droite. La patiente a beneficie d’un traitement 
par teicoplanine, poursuivi 6 semaines apres l’endoscopie. Le 
scanner de controle realise plus d’un mois apres l’arret des 


antibiotiques retrouvait une disparition des calcifications 
(Fig. 2). Les ECBU de controle ne retrouvaient pas de 
C. urealyticum. 

2.4. Patient 4 

Un patient de 74 ans, aux antecedents de carcinomes 
urotheliaux, avec prise en charge par resection endosco- 
pique et BCGtherapie, a developpe quelques annees plus 
tard une hydronephrose, avec sur le scanner une paroi vesi- 
cale epaissie et presence de zones calcifiees. L’endoscopie 
a retrouve une paroi vesicale completement necrosee, avec 
calcifications intravesicales. II a beneficie d'une resection endo- 
scopique des zones necrosees avec pose de 2 sondes ureterales. 
L’anatomopathologie a retrouve de la necrose et des granu- 
lomes epithelioides, hordes par une bande lymphocytaire. II a 
ete traite par teicoplanine pendant 2 semaines, avec acidification 
des urines par soda (pH urinaire controle a 6,5). L’endoscopie 
de controle realisee a distance des antibiotiques ne retrouvait 
pas de recidive de cystite incrustante, mais une diminution des 
capacites de la vessie. Par la suite, le patient a presente plusieurs 
candiduries. 

3. Discussion 

Le diagnostic de cystite incrustante a C. urealyticum est 
souvent meconnu ou pose avec retard, comme pour notre 
patient 1. 

C. urealyticum est une bacterie d’ identification difficile [3], 
qui pousse lentement sur milieu specifique (incubation sur 
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Fig. 2. Scanner patient 3. A gauche : scanner avant traitement : calcifications paroi posterieure de la vessie ; a droite : scanner apres 6 semaines de telcoplanine : 
disparition des calcifications. 

Computed tomography scan patient 3. 


gelose au sang a 37 °C). En cas de suspicion de cystite incrus- 
tante, il faut prevenir le laboratoire pour faire cette recherche, 
qui devrait egalement etre realisee en cas d’ urines alcalines avec 
presence de cristaux de struvite. 

Tous nos patients presentaient au moins un facteur de risque 
de cystite incrustante [4], qui sont une pathologie urologique 
sous-jacente (principalement de la vessie), le port prolonge de 
sonde urinaire, les antecedents d’ infection urinaire, les ano- 
malies de la vessie par traumatisme, tumeur ou administration 
intravesicale de traitement cytotoxique. En presence d’un fac- 
teur de risque, il ne faut pas considerer C. urealyticum comme 
un contaminant, et rechercher une cystite incrustante. 

Plusieurs examens aident a porter le diagnostic [2]. 
L’ identification de C. urealyticum dans l’ECBU, avec presence 
de cristaux de struvite (phosphates ammoniaco-magnesiens), 
presents chez la moitie de nos patients, est en general l’element 
initial faisant evoquer cette pathologie. Le pH alcalin des urines, 
secondaire a Factivite ureasique de C. urealyticum, est genera- 
lement associe. L’echographie et le scanner sont les examens 
cles [5] : ils retrouvent des plaques calcifiees des parois de la 
vessie, avec un cedeme important, et recherchent une uretero- 
hydronephrose associee. La cystoscopie permet de confirmer 
le diagnostic avec des plaques calcifiees et des zones ulce- 
rees, surtout au niveau du trigone, de la paroi posterieure ou 
du col de la vessie. L’examen anatomopathologique retrouve 
au niveau superficiel un tissu necrotique ulcere contenant des 
calcifications, puis une couche inflammatoire riche en colonies 
bacteriennes, lymphocytes et polynucleaires [6]. L’ ensemble de 
ces examens chez un patient presentant des facteurs de risque 
permet de confirmer le diagnostic. Chez notre patient 4, l’ECBU 
n’a pas retrouve C. urealyticum , mais le terrain, le scanner et 
l’endoscopie etant en faveur, le diagnostic a ete retenu, avec un 
traitement efficace. 

Le traitement classique comporte 3 parties : le traitement anti- 
biotique, l’elimination des plaques par resection endoscopique 
et 1’ acidification des urines [6], 

Du fait des resistances naturelles (resistance aux beta- 
lactamines, sensibilite conservee aux glycopeptides) [7], le 
traitement antibiotique generalement propose est la teicoplanine 


pendant 4 a 6 semaines, utilisee chez tous nos patients. Ce gly- 
copeptide necessite des perfusions quotidiennes et un dosage 
residuel pour adapter les doses. L’antibiotherapie est une partie 
du traitement. Mais, notamment en cas d’etat general altere, le 
traitement antibiotique seul peut etre envisage, a privilegier si le 
diagnostic est precoce, avec une antibiotherapie prolongee (en 
general 6 semaines), comme pour notre patient 3. 

La resection endoscopique est une autre partie du traitement, 
mais n’est parfois pas realisable du fait du terrain. Elle a permis 
un succes therapeutique, en association au traitement antibio- 
tique, chez les patients 2 et 4, alors meme que le diagnostic etait 
tardif chez le patient 4, qui presentait ces calcifications depuis 
plusieurs mois a annees. Elle est a renouveler si besoin. Elle est 
d’autant plus importante que les calcifications sont etendues. 

L’ acidification des urines est recommandee, mais difficile 
a mettre en place (pas de solution acide disponible sur notre 
hopital). Le patient 4 a bu beaucoup de soda, ce qui a permis 
d’acidifier les urines (pH urinaire controle). Il est classiquement 
propose d’acidifier les urines par irrigation directe continue par 
solution de Thomas [ 8]. Les complications de 1’ acidification sont 
la douleur locale, l’acidose metabolique et la candidurie (cas de 
notre patient 4). Nos 3 autres patients ont evolue favorablement, 
sans acidification. 

La cystite incrustante, qui se complique tres rarement de 
fa 9 on aigue, provoque surtout des complications a long terme, 
et une gene importante chez les patients. Elle peut entrainer une 
diminution des capacites de la vessie (cas de notre patient 4), une 
degradation de la fonction renale liee a 1’hydronephrose, et des 
complications liees au traitement : complications liees a la tei- 
coplanine, liees a F acidification des urines, et selon l’evolution 
necessite parfois de chirurgie, type cystectomie (cas de notre 
patient 1). 

4. Conclusion 

La cystite incrustante a C. urealyticum est une pathologie 
qui doit etre connue des cliniciens, notamment des infectio- 
logues. Le pronostic fonctionnel est ameliore par un diagnostic 
precoce. C. urealyticum ne doit pas etre considere comme une 
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contamination en cas de pathologie urologique sous-jacente ou 
en cas de presence de cristaux de struvite dans des urines alca- 
lines. 

Le traitement antibiotique seul peut se discuter ; il peut a lui 
seul faire disparaitre les calcifications. La resection endosco- 
pique est d’autant plus importante que les calcifications sont 
etendues. L’ acidification des urines est difficile a realiser en 
pratique. 
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1. Introduction 

Klebsiella pneumoniae (Kp) is a frequent pathogen that may 
harbor virulence factors and cause disseminated infections even 
in immunocompetent hosts. We report a case of disseminated 
Kp infection with seven septic localizations and briefly review 
the literature on hypervirulent Kp (hvKp). 

2. Case presentation 

A 56-year-old immunocompetent Caucasian man without 
any medical history, apart from tobacco use and a weaned 
chronic alcoholism, presented with febrile coma (Glasgow 
Coma Scale 7) associated with recent chest pain, dyspnea, and 
cough. Initial physical examination found neck stiffness, bilat- 
eral pulmonary crackles, abolition of bilateral breath sounds 
in pulmonary bases, and left knee arthritis. The patient had 
not received any non-steroidal anti-inflammatory drugs. Initial 
biology showed marked inflammatory syndrome with elevated 
leucocyte count (24,000/mm 3 , neutrophils 91%), fibrinogen 
(> 12 g/1), C-reactive protein (474 mg/1), and procalcitonin 
(4.47 ng/ml). Creatinine serum level was 66 p.mol/1. HIV sero- 
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logy was negative. The remainder of the initial biology was 
unremarkable. The initial non-contrast computed tomography 
scan revealed the presence of cerebral edema, a right pleural 
effusion of moderate abundance, an 8-mm pericardial effusion, 
mediastinal adenopathies, and an alveolar syndrome in the right 
upper lobe with air bronchogram and a necrotic aspect. We also 
observed bilateral pseudo-nodular pulmonary infiltrates and dif- 
fuse ground glass opacities consistent with an acute respiratory 
distress syndrome. The bacteriological screening found the same 
pattern of K. pneumoniae with no acquired resistance in a puru- 
lent CSF with low glucose levels and high levels of proteins, the 
pericardium (after pericardotomy for an acute purulent tampo- 
nade), the lung (Fig. 1) (in a necrotizing pneumonia), the blood 
cultures (one positive blood culture on the first day of hospi- 
talization), and urine sample. Brain MRI (Fig. 2) found many 
bilateral diffuse cerebral abscesses. Transthoracic and trans- 
esophageal echocardiography found no endocarditis. Left knee 
septic arthritis was also suspected with a minor effusion that 
could not be drained. Initial management consisted in antibi- 
otic therapy with cefotaxime (300 mg/kg/d) and gentamicin 
(8 mg/kg/d) at high doses for meningitis, mechanical ventilation, 
renal replacement therapy for oligoanuric acute renal failure, and 
catecholamine use. Multiplex PCR was performed to determine 
capsular serotype K1 or K2 and the presence of the main viru- 
lence factors [1], The capsular serotype was K2. PCR revealed 
the presence of the rmpA gene, which is a plasmid-mediated 
regulator of extracellular polysaccharide synthesis and the 
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Fig. 1 . Thoracic CT-scan showing a necrotizing pneumonia with abscess of the 
upper right lobe. 

Scanner thoracique retrouvant une pneumopathie necrosante abcedee du lobe 
superieur droit. 



Fig. 2. Cerebral MRI showing multiple diffuse and bilateral brain abscesses 
(seven on this section). 

1RM cerebrale montrant de multiples abces cerebraux bilateraux ( sept sur cette 
seule coupe ). 

entB, mrkD, iutA, kfu , and ybtS genes. The isolate belonged 
to sequence type 380 (ST380) as determined by multilocus 
sequence typing (MLST) [2], All positive bacterial analyses 
found the same Kp with wild resistance phenotype. 

After 68 days of intensive care complicated by multiple 
atelectasis, tracheotomy, pleural drainage failure with neces- 
sity of thoracotomy complicated by hemorrhagic shock, and a 
Pseudomonas aeruginosa ventilator-associated pneumonia, the 
patient did not recover his prior awareness state (Glasgow Coma 
Scale: score 3) nor spontaneous ventilation. We thus decided to 
limit active therapeutics and the patient died thereafter. 

3. Discussion 

Kp is a Gram-negative Enterobacteriaceae bacterium respon- 
sible for various infections. HvKp has been emerging since 
the middle of the eighties as a potentially responsible agent 


for severe and disseminated community-acquired infections, 
including among young and immunocompetent individuals 
[3,4], The main infections due to classical phenotype Kp (cKp) 
include various sites (abdomen, urinary tract, blood, and lung) 
[5], The emergence in the previous decades of hvKp strains 
leading to the most severe infections is a public health concern. 
The incidence may be underestimated owing to a non-systematic 
search for hypervirulent strains, unawareness of this clinical pre- 
sentation out of Asia, and to the absence of a clear definition of a 
hypervirulent strain as it varies by studies. An objective diagnos- 
tic test is lacking [4], although the majority of hvKp are of K1 
(mucoviscosity-associated gene A [magA gene]) or K2 serotype 
associated with the acquisition of a virulence plasmid with two 
important virulence genes ( nnpA and/or iutA ) [4,6]. A particu- 
lar clinical phenotype related to community-acquired pyogenic 
liver abscesses (PLA), that may be associated with meningitis, 
endophtalmitis, and bacteremia, is mainly associated with the 
K1 serotype and sequence type (ST) 23 [3], especially among 
South-East Asia populations [5,6]. Among K2 serotype, sev- 
eral ST such as ST380, ST86, or ST375 are emerging in severe 
community-acquired infections [3]. The potential risk factors for 
this type of infection are Asian origin and diabetes [4,6]. The 
case fatality of infections due to HvKp is high, up to 42% accord- 
ing to some studies, and sequelae among survivors are frequent 
[4], However, the case fatality varies by studies and case defini- 
tions used for hvKp. In Kp PLA, the case fatality is < 10% and 
seems to increase with the metastatic spread of the infection [6]. 
The first stage of this infection would be the colonization of the 
digestive tract mainly followed by infection through the endoge- 
nous route [4]. The infection might then develop transmucosally 
and then hematogenously via the portal system to reach general 
circulation [4] . The colonization of the oropharyngeal flora may 
also be an entry for low respiratory tract infections via micro- 
inhalations [4], In the present case, the first septic localization 
remains unclear, as pulmonary or digestive route with secondary 
metastatic spread are plausible. Considering patient evolution, 
no digestive endoscopy was performed. 

In vitro, hvKp strains are more resistant to the complement 
and to the bactericidal activity mediated by neutrophils [7], 
There is currently no clear definition or test allowing for a simple 
and reproducible identification of hvKp strain, and the diagnosis 
is usually retained based on multiple arguments such as a severe 
clinical phenotype, the hypermucoviscous nature of the strain 
(string test > 5 mm), the serotype, and the presence of virulence 
genes. Serotypes K1 and K2 predominate among these hvKp 
strains [5,8], but some hypermucoviscous strains may also be 
non-Kl-K2 [8]. Serotype K2 has a strong correlation with the 
resistance to intracellular lysis by the complement [6]. Neverthe- 
less, the presence of serotype K1 or K2 is not sufficient to predict 
the virulence of the strain |4]. Other major virulence factors are 
the presence of genes that are responsible for the hypermucovis- 
cous phenotype (rmpA) and iron-acquisition factors (aerobactin 
[iutA gene] and salmochelin) [4,6], usually located on a large vir- 
ulence plasmid [4], Multilocus sequencing has allowed for the 
identification of several strains associated with hypervirulence, 
such as ST23, ST57 (K1 serotype), ST86, ST375, and ST380 
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(emerging in K2 serotype) [2,4] . Multiplex PCR techniques have 
recently been developed to detect some hvKp strains [ 1 ] . 

The management of these infections is based on the drainage 
of abscesses as well as on an antibiotic therapy adapted to 
the infectious site and the resistance phenotype [6], Third- 
generation cephalosporins are the treatment of choice for this 
type of infection [6], Duration of the antibiotic treatment may 
vary, depending on the infectious site, size, and evolution of 
abscesses, and on the metastatic nature of the infection [6]. A 
minimum treatment duration of two weeks is usually considered 
[6], A strict glycemic control proved effective in a study [9], It 
should be noted that, although very rare, relapse occurring more 
than one year after the end of treatment has been described [4], 

An increase in cKp resistance [5], that is also emerging in 
hvKp with the emergence of carbapenem-resistant strains, may 
be observed [10]. The recent emergence of antibiotic-resistant 
hvKp may complicate the treatment of these infections [10], 

4. Conclusion 

The community-acquired status, the severe and metastatic 
evolution of this infection, and the virulence profile guided the 
diagnosis of hvKp [4]. This case patient illustrates the severe 
and metastatic nature of this type of infection, with seven septic 
localizations and a fatal outcome, despite drainage and adapted 
antibiotic therapy in an immunocompetent host. It also high- 
lights its extension out of Asia. 
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1. Introduction 

La tuberculose laryngee est une localisation rare de la tuber- 
culose extra-pulmonaire. Le tableau clinique, le terrain ainsi que 
les lesions macroscopiques peuvent induire en erreur le clinicien 
en l’orientant vers une etiologie neoplasique. La tuberculose 
laryngee doit etre evoquee devant des lesions inflammatoires 
chroniques ulcerees ou pseudo-tumorales, des lors qu’une ori- 
gine neoplasique a ete exclue, y compris en F absence de facteurs 
de risque de tuberculose ou d’images radiologiques pulmonaires 
associees. Nous rapportons le cas d’un homme de 32 ans ayant 
presente une tuberculose laryngee ayant necessite la realisation 
d’une tracheotomie. 

2. Presentation du cas 

Un homme de 32 ans etait hospitalise pour une dyspnee 
d’apparition recente, dans un contexte de dysphonie plus 
ancienne. Dans ses antecedents, on notait un asthme traite par 
budesonide et formoterol a la demande et un tabagisme actif 
estime a 15 paquets-annee. II etait d’origine caucasienne et 
n’avait jamais quitte FEurope occidentale. II vivait dans de 
bonnes conditions sociales. II avait ete vaccine dans l’enfance 
par le BCG. II presentait depuis environ 6 mois une dysphonie 
intermittente progressive sans dyspnee, ni fievre ou alteration 
de l’etat general. Aucune investigation a visee diagnostique 
n’avait ete realisee avant son hospitalisation. Devant la per- 
sistance des signes et Fapparition recente d’une dyspnee au 
moindre effort, une laryngoscopie indirecte etait realisee retrou- 
vant une lesion stenosante d’allure tumorale de l’endo-larynx 
avec immobilite de F arytenoide droite et une importante diminu- 
tion de la motricite de l’arytenoide gauche. Une corticotherapie 
par prednisolone 1 mg/kg par jour etait debutee mais devant 
la majoration des symptomes une tracheotomie avait du etre 
realisee. Le scanner cervico-thoracique montrait un epaississe- 
ment heterogene des replis pharyngo-epiglottiques predominant 
a gauche ainsi qu’une reduction de l’expansion du sinus 


piriforme gauche. Ce processus s’etendait a la partie basse de 
la loge hyo-thyro-epiglottique et a la partie posterieure du mur 
pharyngolarynge. II existait une lyse de la corticale posterieure 
du cricoide et de la partie anterieure du cartilage thyroi'de. Des 
adenopathies infra-centimetriques jugulo-carotidiennes bilate- 
rales etaient presentes. A l’etage thoracique, il etait retrouve 
des foyers alveolaires multiples, confluents, realisant des ele- 
ments pseudo-nodulaires du segment dorsal du lobe superieur 
droit et apical du culmen, egalement en projection du Fow- 
ler des deux cotes et du segment postero-basal gauche. Le 
scanner abdomino-pelvien etait sans particularity Des biopsies 
etagees, realisees lors de la pan-endoscopie et d’une fibro- 
scopie bronchique, retrouvaient des lesions inflammatoires a 
predominance lymphocytaire avec la presence de nombreux 
granulomes epithelio-gigantocellulaires sans necrose caseeuse. 
La PCR mycobacterie et l’examen direct apres coloration de 
Ziehl-Neelsen revenaient positifs a Mycobacterium tuberculo- 
sis sur F aspiration tracheale. Les serologies VIH, hepatite B et 
C etaient negatives. Un traitement antituberculeux etait initie 
selon le schema standard par quadritherapie. L’ evolution etait 
rapidement favorable avec une regression des lesions et une 
amelioration clinique, permettant notamment l’ablation de la 
tracheotomie apres lOjours de traitement, et une recuperation 
complete de la phonation. L’enquete autour du patient n’a pas 
permis de trouver de sujets porteurs. 

3. Discussion 

La tuberculose laryngee constituait une presentation clas- 
sique de la maladie avant Fapparition des traitements 
antibiotiques. Elle fait desormais partie des formes extra- 
pulmonaires les plus rares avec moins de 1 % de F ensemble 
des cas de tuberculose [ 1 ] . Les cordes vocales restent la loca- 
lisation la plus courante, suivie par le cartilage arytenoide, les 
fausses cordes vocales et l’epiglotte [2,3]. Cette atteinte serait 
imputable soit a l’aerosolisation du germe dans le cadre d’une 
atteinte pulmonaire associee, soit a une possible dissemination 
hematogene et lymphatique [4], Le tabac est un facteur predis- 
posant de par F irritation chronique occasionnee de la muqueuse 
laryngee alterant les mecanismes de defense antimicrobienne 
[4] . Pres de la moitie des patients atteints de tuberculose laryngee 
sont des fumeurs [1], La tuberculose laryngee n’est generale- 
ment pas associee a une immunodepression sous-jacente. La 
laryngite tuberculeuse est suspectee devant une dysphonie avec 
raucite de la voix ainsi qu’une dysphagie haute chronique. Ces 
symptomes sont generalement precedes d’une toux. La dyspnee. 
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rare, temoigne d’un stade avance [1,3,5], La tomodensitometrie 
met en evidence des lesions diffuses, bilaterales, sans destruc- 
tion de Larchitecture laryngee. L’ amputation du bord libre de 
l’epiglotte, parfois present, oriente vers le diagnostic de tuber- 
culose [3], La laryngoscopie montre des lesions ulcereuses ou 
tumorales, papillomateuses. Cet aspect peut evoquer un cancer 
du larynx d’autant plus que le terrain est le meme. Les prele- 
vements biopsiques peuvent etre pris en defaut et doivent etre 
repetes [3], Le traitement est celui d’une tuberculose classique 
permettant l’amendement rapide des symptomes en quelques 
semaines, et des lesions en quelques mois [1,4], 

Le recours a la chirurgie est exceptionnel et concerne surtout 
les sequelles a type de fibrose laryngee, principale atteinte fonc- 
tionnelle au decours [3,5], La tracheotomie peut etre necessaire 
dans de rares cas d’obstruction des voies aeriennes [3], 

4. Conclusion 

Les formes laryngees de tuberculose sont rares mais doivent 
etre evoquees devant des lesions ulcerees ou pseudo-tumorales 
non neoplasiques. Une atteinte pulmonaire doit systematique- 
ment etre recherchee. L’ excellent pronostic fonctionnel sous 
traitement medical classique rend essentiel le diagnostic rapide, 
afin d’eviter le recours a des procedures therapeutiques invasives 
telles que la chirurgie a la phase aigue ou chronique sequellaire. 
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1. Introduction 

Les infections a. Acinetobacter baumannii multiresistant sont 
de plus en plus frequentes. Ces infections menacent l’arsenal 
therapeutique vu 1’emergence de resistance aux differents anti- 
biotiques [1]. La tigecycline est un antibiotique recent actif sur 
ce type de germe multiresistant [2], Cependant, l’efficacite de 
cet antibiotique en cas de meningite a ce germe n’est pas encore 
approuvee. Nous rapportons un cas de meningite a A. baumannii 
multiresistant traitee par une association d’ antibiotique incluant 
la tigecycline. 

2. Observation 

II s’agissait d’un patient age de 18ans sans antecedents 
pathologiques particuliers admis en reanimation pour un 
traumatisme cranien grave suite un accident de la voie publique. 
L’examen initial montrait un patient en coma d’emblee avec un 
score de Glasgow a 3/15. Le reste de l’examen etait sans particu- 
larites. Le patient a ete intube ventile sedate devant son probleme 
neurologique. Un scanner cerebral montrait des foyers de contu- 
sions frontales gauches et un hematome au niveau du cervelet 
avec une dilatation quadri ventriculaire. Le patient a ete opere 
en urgence. II a beneficie d’une craniotomie par un volet frontal 
gauche avec une contusectomie frontale gauche. Par ailleurs, 
une derivation ventriculaire externe a ete mise en place. Cinq 
jours apres. le patient presentait une fievre en plateau a 40 °C, 
une reactivite en extension a la stimulation douloureuse. Par 
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rare, temoigne d’un stade avance [1,3,5], La tomodensitometrie 
met en evidence des lesions diffuses, bilaterales, sans destruc- 
tion de Larchitecture laryngee. L’ amputation du bord libre de 
l’epiglotte, parfois present, oriente vers le diagnostic de tuber- 
culose [3], La laryngoscopie montre des lesions ulcereuses ou 
tumorales, papillomateuses. Cet aspect peut evoquer un cancer 
du larynx d’autant plus que le terrain est le meme. Les prele- 
vements biopsiques peuvent etre pris en defaut et doivent etre 
repetes [3], Le traitement est celui d’une tuberculose classique 
permettant l’amendement rapide des symptomes en quelques 
semaines, et des lesions en quelques mois [1,4], 

Le recours a la chirurgie est exceptionnel et concerne surtout 
les sequelles a type de fibrose laryngee, principale atteinte fonc- 
tionnelle au decours [3,5], La tracheotomie peut etre necessaire 
dans de rares cas d’obstruction des voies aeriennes [3], 

4. Conclusion 

Les formes laryngees de tuberculose sont rares mais doivent 
etre evoquees devant des lesions ulcerees ou pseudo-tumorales 
non neoplasiques. Une atteinte pulmonaire doit systematique- 
ment etre recherchee. L’ excellent pronostic fonctionnel sous 
traitement medical classique rend essentiel le diagnostic rapide, 
afin d’eviter le recours a des procedures therapeutiques invasives 
telles que la chirurgie a la phase aigue ou chronique sequellaire. 
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1. Introduction 

Les infections a. Acinetobacter baumannii multiresistant sont 
de plus en plus frequentes. Ces infections menacent l’arsenal 
therapeutique vu 1’emergence de resistance aux differents anti- 
biotiques [1]. La tigecycline est un antibiotique recent actif sur 
ce type de germe multiresistant [2], Cependant, l’efficacite de 
cet antibiotique en cas de meningite a ce germe n’est pas encore 
approuvee. Nous rapportons un cas de meningite a A. baumannii 
multiresistant traitee par une association d’ antibiotique incluant 
la tigecycline. 

2. Observation 

II s’agissait d’un patient age de 18ans sans antecedents 
pathologiques particuliers admis en reanimation pour un 
traumatisme cranien grave suite un accident de la voie publique. 
L’examen initial montrait un patient en coma d’emblee avec un 
score de Glasgow a 3/15. Le reste de l’examen etait sans particu- 
larites. Le patient a ete intube ventile sedate devant son probleme 
neurologique. Un scanner cerebral montrait des foyers de contu- 
sions frontales gauches et un hematome au niveau du cervelet 
avec une dilatation quadri ventriculaire. Le patient a ete opere 
en urgence. II a beneficie d’une craniotomie par un volet frontal 
gauche avec une contusectomie frontale gauche. Par ailleurs, 
une derivation ventriculaire externe a ete mise en place. Cinq 
jours apres. le patient presentait une fievre en plateau a 40 °C, 
une reactivite en extension a la stimulation douloureuse. Par 
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contre, il etait stable sur le plan hemodynamique et respiratoire. 
Le scanner cerebral de controle ne montrait pas d’ aggravation. 
L’ aspect du liquide cephalorachidien draine a travers la deriva- 
tion ventriculaire externe est devenu jaunatre. A la biologie, on 
notait une hyperleucocytose a 32 000 elements par millimetre 
cube avec une procalcitonine a 3,8 ng/ml. Un prelevement 
du LCR a ete realise. L’examen direct montrait un liquide 
trouble, 250 leucocytes a predominance polynucleaires neutro- 
philes. L’examen biochimique montrait une hypoglycorrachie 
0,55 mmol/L pour une glycemie a 5,2 mmol/L, une hyperpro- 
teinorrachie 1,2 g/L. Le patient a ete mis empiriquement sous 
imipeneme et vancomycine et colistine. Apres 48heures, la 
culture s’est revelee positive a A. baumannii. Le lendemain, 
on a determine la sensibilite aux antibiotiques par diffusion du 
disque, et les concentrations minimales inhibitrices (CMI) par 
Etest. L’A. baumannii etait sensible uniquement a la colistine 
(CMI = 0,094 mg/L) et a la tigecycline (CMI = 2 mg/L). Des pre- 
levements de LCR ont ete realises quotidiennement et ont isole 
le meme germe trois jours de suite. Par contre, les hemocultures 
etaient negatives. Le patient a ete mis sous tigecycline a dose 
de 100 mg, puis 50 mg toutes les 12heures en intraveineux en 
association avec la colistine en intraveineux et intrathecal. Apres 
48 heures de cette association, le patient est devenu apyretique 
et le prelevement de LCR est devenu sterile. Le traitement etait 
poursuivi pendant 2 1 jours avec une bonne tolerance et la deriva- 
tion a ete retiree apres 15 jours. Le patient etait mis sortant apres 
deux mois de sejour en reanimation avec un handicap severe. 

3. Discussion 

Cette observation montre que la tigecycline associee a la 
colistine peut etre efficace pour le traitement des meningites 
nosocomiales a A. baumannii multiresistant. 

LA. baumannii a emerge dans le monde entier pendant ces 
dernieres annees comme l’un des principaux agents responsable 
d’infection nosocomiale. Les pneumopathies nosocomiales est 
l’infection la plus frequente par ce germe. Cependant, des bac- 
teriemies, des infections urinaires, des infections des parties 
molles et enfin des meningites sont de plus en plus decrites 
[1], Les meningites a A. baumannii sont rares mais graves. Les 
principaux facteurs de risques sont les patients fragiles de reani- 
mation, Page avance, les derivations ventriculaires externes et 
de fagon generate toutes interventions neurochirurgicales [3]. 
L’ imipeneme a ete pendant longtemps considere comme le 
« Gold standard » dans le traitement des infections a A. bau- 
mannii [1]. Cependant, depuis quelques annees, une emergence 
de germes multi-resistants a tous les antibiotiques utilises en the- 
rapeutique humaine a laisse considerer ce germe comme Pun des 
organismes qui menacent l’arsenal therapeutique actuel [1], 

La tigecycline est un antibiotique recent, derive semi- 
synthetique de la minocycline, appartenant a la classe des 
glycyclines [2], Son spectre antibacterien englobe principa- 
lement Staphylococcus aureus resistant a la meticilline, les 
enterocoques resistants a la vancomycine, pneumocoque de 
sensibilite diminuee a la penicilline, les bacilles a Gram nega- 
tif secretants de betalactamase a spectre elargi (BLSE) dont 
PA. baumannii [2], 


Cependant, l’utilisation de la tigecycline dans les infections 
du systeme nerveux central n’est pas bien etudiee. II y a peu 
de cas decrits concernant P utilisation de la tigecycline pour le 
traitement des meningites a A. baumannii multi -resistant [3]. 
L’ association de tigecycline a la colistine dans notre cas rapporte 
etait le traitement de dernier recours devant ce germe qui etait 
sensible uniquement a ces deux antibiotiques et apres echec du 
traitement par colistine seule connue etre active et efficace contre 
A. baumannii multi-resistant [3]. 

Le succes therapeutique de notre cas est du a plusieurs rai- 
sons. D’abord, P association entre colistine et tigecycline, qui a 
montre une efficacite dans le traitement de differentes infections 
a A. baumannii multiresistant [1], semble etre prometteuse pour 
le traitement des infections neuromeningees a ce germe [4]. La 
prescription de cette association est basee sur le mode d’ action 
propre a chacune de ces deux molecules. En effet, la tigecy- 
cline agit en inhibant la synthese proteique. En contrepartie, la 
colistine agit en detruisant les membranes cellulaires aboutissant 
a la lyse bacterienne. Ainsi, la fragilisation de la paroi bacte- 
rienne pourrait faciliter Paction de la tigecycline [4]. Ensuite, 
bien que la diffusion de la tigecycline dans le liquide cephalora- 
chidien ne soit pas bonne [5], nous pensons que cet antibiotique 
peut atteindre un niveau acceptable en cas d’ inflammation des 
meninges. En fait, peu de cas rapportes ayant etudie les concen- 
trations de la tigecycline dans le liquide cephalorachidien [6]. 
Un tel dosage pourrait apporter des informations sur la diffusion 
et distribution de ces antibiotiques dans les meninges. D’autre 
part, certains preconisent P administration de la tigecycline par 
voie intrathecale comme une autre option therapeutique [7], Les 
doses therapeutiques de la tigecycline dans les cas rapportes 
de meningite nosocomiale sont identiques a notre conduite [5]. 
L’ evolution favorable montre la pertinence de cette dose dans ce 
genre d’infection. 

4. Conclusion 

Les meningites a A. baumannii multiresistant sont graves 
compliquant le plus souvent les interventions neurochirurgi- 
cales. Le traitement de ces infections est un defi pour le clinicien 
et Pexperience therapeutique face a ces germes mulitresistants 
est limitee. La tigecycline peut avoir une place importante dans 
le traitement de ces infections. D’autres recherches seront neces- 
saires pour determiner la place de cette molecule dans ces 
infections. 
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1. Introduction 

L’arthrite reactionnelle (AR) est une arthropathie inflam- 
matoire appartenant a la famille des spondyloarthrites. Elle 

survient generalement apres une infection bacterienne de la 
sphere urogenitale ou digestive. Les genovars D a K de Chla- 


mydia trachomatis, responsables chaque annee dans le monde 
de 100 millions de cas d’infections sexuellement transmissibles 
(1ST) [1], sont les agents etiologiques les plus courants d’AR. 
Depuis 2003, la lymphogranulomatose venerienne (LGV), 
infection liee a C. trachomatis genovar LI a L3, est a l’origine 
d’une epidemie d’ano-rectites touchant les homines ayant des 
relations sexuelles avec des homines (HSH) en Europe, en Ame- 
rique du Nord et en Australie 1 2] . Nous rapportons le deuxieme 
cas d’AR secondaire a une LGV rectale en France [3]. 

2. Cas clinique 

Un homme de 47 ans se presentait aux urgences de notre 
centre en novembre 2015 pour une douleur du membre inferieur 
gauche evoluant depuis huit jours. 

Dans ses antecedents, on notait une infection par le VIH 
connue depuis 1990 (contamination sexuelle) et traitee par 
atazanavir, ritonavir, abacavir et lamivudine, un diabete de 
type 2 traite par metformine et glibenclamide. Six mois plus tot, 
il avait presente un tableau de rectite conduisant a la decouverte 
concomitante d’une LGV, d’une gonococcie rectale et d’une 
syphilis latente precoce. Un traitement par benzathine benzyl- 
penicilline, ceftriaxone (injections intramusculaires uniques) et 
doxycycline pendant 21 jours avaient permis la disparition des 
symptomes. 

Huit jours avant T admission aux urgences, il avait consulte 
son infectiologue devant la recidive d’une rectite. Le tableau 
digestif etait apparu dix jours auparavant. La pratique recente 
d’un lavement dans un sauna etait notee. La recherche de C. tra- 
chomatis par PCR sur un ecouvillon rectal et 1’ introduction d’une 
antibiotherapie probabiliste par doxycycline (200 mg par jour) 
etaient prescrites. Des douleurs de rythme inflammatoire de toute 
la jambe gauche etaient ensuite apparues. 

A 1’ admission aux urgences, le patient etait apyretique et pre- 
sentait un epanchement du genou gauche associe a un cedeme 
inflammatoire de jambe. L’echographie-doppler veineux des 
membres inferieurs eliminait une phlebite. Le bilan biologique 
objectivait un syndrome inflammatoire (CRP a 94 mg/L). Un 
erysipele etait evoque et un traitement par pristinamycine etait 
debute. Quatre jours plus tard, face a une persistance des symp- 
tomes, une echographie articulaire realisee en consultation de 
rhumatologie objectivait une arthrite talonaviculaire et une teno- 
synovite du court fibulaire gauches. La ponction du genou 
gauche retirait 10 mL de liquide citrin dont la formule cyto- 
logique etait inflammatoire avec 2900 elements par mm 3 (20 % 
de polynucleaires neutrophiles, 80 % de lymphocytes). Il n’y 
avait pas de bacterie a l’examen direct et en culture, pas de cris- 
taux. La PCR Chlamydia trachomatis (PCR CT) sur ecouvillon 
rectal (realisee en consultation d’infectiologie) revenait posi- 
tive et le typage par PCR temps reel retrouvait un genovar L2b, 
confirmant une LGV rectale. La recherche de C. trachomatis par 
biologie moleculaire sur liquide articulaire etait egalement posi- 
tive mais le typage moleculaire est reste sans succes en raison 
d’un inoculum bacterien tres faible. La recherche de gonocoque 
etait negative. Le traitement par infiltration intra-articulaire 
d’hydrocortisone et anti-inflammatoires non steroidiens par voie 
orale, associe a la poursuite de la doxycycline pour un total de 
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1. Introduction 

L’arthrite reactionnelle (AR) est une arthropathie inflam- 
matoire appartenant a la famille des spondyloarthrites. Elle 

survient generalement apres une infection bacterienne de la 
sphere urogenitale ou digestive. Les genovars D a K de Chla- 


mydia trachomatis, responsables chaque annee dans le monde 
de 100 millions de cas d’infections sexuellement transmissibles 
(1ST) [1], sont les agents etiologiques les plus courants d’AR. 
Depuis 2003, la lymphogranulomatose venerienne (LGV), 
infection liee a C. trachomatis genovar LI a L3, est a l’origine 
d’une epidemie d’ano-rectites touchant les homines ayant des 
relations sexuelles avec des homines (HSH) en Europe, en Ame- 
rique du Nord et en Australie 1 2] . Nous rapportons le deuxieme 
cas d’AR secondaire a une LGV rectale en France [3]. 

2. Cas clinique 

Un homme de 47 ans se presentait aux urgences de notre 
centre en novembre 2015 pour une douleur du membre inferieur 
gauche evoluant depuis huit jours. 

Dans ses antecedents, on notait une infection par le VIH 
connue depuis 1990 (contamination sexuelle) et traitee par 
atazanavir, ritonavir, abacavir et lamivudine, un diabete de 
type 2 traite par metformine et glibenclamide. Six mois plus tot, 
il avait presente un tableau de rectite conduisant a la decouverte 
concomitante d’une LGV, d’une gonococcie rectale et d’une 
syphilis latente precoce. Un traitement par benzathine benzyl- 
penicilline, ceftriaxone (injections intramusculaires uniques) et 
doxycycline pendant 21 jours avaient permis la disparition des 
symptomes. 

Huit jours avant T admission aux urgences, il avait consulte 
son infectiologue devant la recidive d’une rectite. Le tableau 
digestif etait apparu dix jours auparavant. La pratique recente 
d’un lavement dans un sauna etait notee. La recherche de C. tra- 
chomatis par PCR sur un ecouvillon rectal et 1’ introduction d’une 
antibiotherapie probabiliste par doxycycline (200 mg par jour) 
etaient prescrites. Des douleurs de rythme inflammatoire de toute 
la jambe gauche etaient ensuite apparues. 

A 1’ admission aux urgences, le patient etait apyretique et pre- 
sentait un epanchement du genou gauche associe a un cedeme 
inflammatoire de jambe. L’echographie-doppler veineux des 
membres inferieurs eliminait une phlebite. Le bilan biologique 
objectivait un syndrome inflammatoire (CRP a 94 mg/L). Un 
erysipele etait evoque et un traitement par pristinamycine etait 
debute. Quatre jours plus tard, face a une persistance des symp- 
tomes, une echographie articulaire realisee en consultation de 
rhumatologie objectivait une arthrite talonaviculaire et une teno- 
synovite du court fibulaire gauches. La ponction du genou 
gauche retirait 10 mL de liquide citrin dont la formule cyto- 
logique etait inflammatoire avec 2900 elements par mm 3 (20 % 
de polynucleaires neutrophiles, 80 % de lymphocytes). Il n’y 
avait pas de bacterie a l’examen direct et en culture, pas de cris- 
taux. La PCR Chlamydia trachomatis (PCR CT) sur ecouvillon 
rectal (realisee en consultation d’infectiologie) revenait posi- 
tive et le typage par PCR temps reel retrouvait un genovar L2b, 
confirmant une LGV rectale. La recherche de C. trachomatis par 
biologie moleculaire sur liquide articulaire etait egalement posi- 
tive mais le typage moleculaire est reste sans succes en raison 
d’un inoculum bacterien tres faible. La recherche de gonocoque 
etait negative. Le traitement par infiltration intra-articulaire 
d’hydrocortisone et anti-inflammatoires non steroidiens par voie 
orale, associe a la poursuite de la doxycycline pour un total de 
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21 jours permettait une disparition rapide de l’oligoarthrite. La 
recherche du HLA-B27 etait negative et Fimagerie par reso- 
nance magnetique (IRM) des sacro-iliaques etait normale. Le 
diagnostic d’ AR associee a une LGV rectale etait retenu. Aucune 
recidive articulaire n’est survenue apres dix mois de suivi. 

3. Discussion 

Notre patient a presente une oligoarthrite 10 a 15jours 
apres F apparition d’une rectite en rapport avec une LGV. Le 
tableau oligoarticulaire asymetrique associe a une tenosynovite, 
l’infection a C. trachomatis de survenue recente, la detection 
d’ADN de C. trachomatis dans le liquide synovial, la resolution 
du tableau articulaire sous traitement anti-inflammatoire sont 
autant d’ arguments forts permettant de conclure au diagnostic 
d’AR a C. trachomatis genovar L2b. L’infection a Chlamydia 
comme facteur declenchant du syndrome de Reiter et de FAR 
est connu depuis de nombreuses annees. II est estime que 4 a 8 % 
des patients ayant eu une infection urogenitale a C. trachoma- 
tis sont susceptibles de developper une AR [4], Le mecanisme 
suppose est celui d'une dissemination par voie systemique vers 
la cavite articulaire dans laquelle la bacterie persiste sous une 
forme aberrante et non cultivable. 

L’epidemie de LGV rectale detectee chez les HSH depuis 
2003 est associee au genovariant L2b, decrit pour la premiere 
fois en 2005 [5 j. Le nombre de LGV en Angleterre et en France 
depuis 2003 excede 4000 et 2000 cas declares respectivement 
[6,7]. Depuis cette periode, huit cas seulement (dont le cas 
presente ici) d’AR associee a C. trachomatis genovar L2b ont 
ete rapportes, cette association semble done rare. Les patients 
etaient infectes par le VIH dans sept cas. Un cas concernait une 
femme. Notre cas se distingue par la presence d’ADN de C. tra- 
chomatis dans le liquide synovial rendant F association entre 
l’episode de LGV et la survenue de l’arthrite peu equivoque. 
L’ evolution des cas decrits etait systematiquement favorable 
avec une resolution du tableau articulaire sans recidive sous 
traitement antibiotique par doxycycline 200 mg par jour pen- 
dant trois semaines associe a un traitement anti-inflammatoire 
systemique par corticoides ou AINS. 

4. Conclusions 

C. trachomatis genovar L2b, a l’origine de Fepidemie 
de LGV rectale dans la population des HSH, est suscep- 
tible de declencher un tableau d’AR. La survenue d’une 
mono/oligoarthrite chez un HSH ayant presente recemment une 
rectite doit faire evoquer ce diagnostic. L’incidence de la LGV 
augmentant chaque annee en France et en Europe, cette compli- 
cation merite d’etre connue. 
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